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PREFACE 

Our team is indeed very happy to present this second and 
final report on a direct digital modulation converter to convert 
from pulse code modulation to delta modulation or vice-versa. The 
development shown in this text is the result of an original ap- 
proach to the subject, which was first presented in 1967 and was 
further developed in 1973 (phase 1 report). 

We are firmly convinced that our findings lift one of 
the major difficulties raised against the introduction of delta 
modulation in the existing telecommunication network. This is 
valid for military systems (tactical or strategic) as well as 
for commercial networks. 
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ABSTRACT 
This report describes the prototype of a Vltizct Vigltal 

SlcduCation  Convcitcn   (PPMC). The codes considered are PCM (pu£4e 
code modudation]   and AM {delta modufntion]   with sampling frequen- 
cies of 16, 19.2, 32 and 38.4kHz for the latter. 

The objective is to convert from one form of digitized 
voice signal to another without »reconstruction of the original 
analog voice signal. A single channel system is considered and 
operating time is consequently only limited by the 125ysec. fra- 
me prescribed by the PCM sampling frequency. 

The results obtained indicate that DDMC's can be designed 
with characteristics as good as the existing analog means for 
converting from one code to the other. 

The prototype herein presented uses serial operation and 
is built with TTL logic. It works with a CVSD operating at four 
different sampling frequencies and in connection with five PCM 
channel banks. 
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EVALUATION 

DIRFCT DICITAL MODULATION CONVERTER 

The value of this program was to show that direct digital code 
conversion between dissimilar digitized voice systems can be accom- 
plished with no degradation in voice quality.  Prior to the Direct 
Digital Modulation Converter (DDMC), no technique existed that made 
Pulse Code Modulation (PCM) and Continuously Variable Slope Delta (CVSD) 
modulation techniques directly compatible and Interoperable. The DDMC 
can significantly Improve Long Haul Voice communications by decreasing 

It  or^rflf f81?8"'0;?1?1'31' D^tal-to-Analog conversions to which 
the original signal would have been subjected. 

Under TPO »9,  which includes the develonment fo the Unified 
Digital Switch for future Integrated Defense Communications Systems, 
interconnection between different types of digitized voice users 
will take place.  In order to accommodate the aforementioned types of 
users without degradation In voice quality, a DDMC will be an integral 
part of the switch. This will enable interoperability between 
otherwise incompatible digitized voice systems. 

<.<? *-? y A 
^ 

^JULIAN GITLIN 
Project Engineer 
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1- INTRQDUCTIOM 
The objective of the present report is to present the re- 

sults of a feasibility study on a Vinztt  digital Modulation  Con- 
vzittKt   hereafter referred to as DDMC, and to describe the DDMC 
prototype design and implementation. 

Pitec-t Digital Modulation  Convzition  is defined as con- 
version from one form of digitized voice signal to another 
without reconstruction of the original analog voice signal. In 
this study, we will limit ourselves to two types of numerical 
formats for voice, puliz  code, modulation   (PCM) and dtlta modula- 
tion   (AM) . 

The scope of this program is to determine the feasibili- 
ty of developing a single.  AM-PCM DDMC. Operating time is there- 
fore not a parameter of importance as long as the DDMC operates 
within the 125psec frame prescribed by the PCM sampling frequency; 
it is a technological problem, once the present efforts are righ- 
tly concluded, to bring the operating time to less than 5ysec 
which would allow multiplexing of several, possibly 24, communi- 
cations and would render the DDMC highly competitive with other 
equipment when inserted in an intzgiate-d te.le.communication  ne.t- 
iooifc. Such a network includes possibly three types of switching 
offices-spatial, PCM and AM-; subscribers could have numerical 
transmission right from their set. 

The minimum technical characteristics required from the 
DDMC are those of the available link (PCM coder-PCM decoder- 
analog- AM coder-AM decoder or vice versa). In the feasibility 
study, the 6ignal-to-noi6t   (S/N) ratio is the primary performan- 
ce criterian. The ratio is obtained from test tones at various 
amplitudes (dynamic range). 

The digital link that the DDMC provides has to give equal 
or better quality, in terms of S/N, than the voice quality obtain- 
ed with the analog  link, where signals are converted to analog 
form before being again coded digitally. The present study shall 
consider the CVSD type of delta codecs and the four different 
PCM channel banks: the D-l, TD968, TD660 and the European sys- 
tem. 

In Chapter 2, the computer simulation of the CVSD and of 
the converter (DDMC) is described. 

Chapter 3 deals with the implementation of the CVSD and 
of the DDMC. The structure of the DDMC is first analysed and the 
overall design is then described. Detailed circuit operation, 
drawings, diagrams and components are given in appendices A and 
B. Results of objective and subjective tests are given in Chap- 
ter 4. A general conclusion finally closes the study with a re- 
view of the main characteristics found. 

 ..--^.—. ,-— ^,—.  . ■-■  ,.■ ■ .^-v,. -^.f .j,«..,.,-, ..,„..„,f 
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2. THEORETICAL STUDIES 

2.1. DELTA CODEC 

The delta codec is an VD converter.    It is a closed loop system 
whereby the bit transmitted indicates the slope of the input signed between 
two sanpling times.    The trananitted digitized signal is reconstructed in the 
feedback loop which is the danodulator; this danodulator is the inportant part 
of the system and its design differentiates One codec fron others. 

2.1.1. DELTA CODEC PRINCIPLE 

Figure 2.1 shows the block diagram of a non-adaptive delta codec. 

Clock (S.C.) 

I Comparator | 

LTT^TJ- Qljant 

Integration 
network 

Local demodulator lulator i 

Coder 

*   G Integration 
network 

L  
Receiving end demodulator 

Low-pass 
filter 

 v— 
Decoder 

FIGURE 2.1.- Now adaptive. doJUba   codec pfUnciple.. 
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The input signal (E) is cxmpared to the reoonstructed signal (Z) 
in the coroparator; the difference or error (E-Z) is then passed through a 
two-level quantizer, which is controlled by a sanpling clock (S.C.). At each 
clock time the quantizer gives the information on the sign of the error. The 
quantizer output is a "1" if the error is positive and a "-1" if the error is 
negative. The sequence (P) of "1" and "-1" is then integrated in the feedback 
loop; the gain (G) is the static gain of the integration network. The output 
of the "local" datodulator is a staircase signal (Z) called the reoonstructed 
signal. 

At the receiving end, the output of the demodulator (identical to 
the local daiodulator in the feedback loop of the codec) or the reconstructed 
signal (Z) is passed through a low-pass filter which smoothes the staircase 
signal by removing the high frequency carponents. 

?.i.?.r..v.R.n. PRINCIPLE 

The oontinuous-variable-slope-delta (CVSD) modulation system is an 
adaptive type delta codec since the gain of the demodulator in the feedback 
loop is made variable in order to follow the amplitude or slope variation of 
the input signal. 

In the CVSD, adaptation or oenpanding is achieved through the past 
behaviour of the signal averaged over a rather long period of time, cotpared 
to the sanpling period; the control is done with the digital description of 
the waveform (bit stream). 

Figure 2.2 shows the block diagram of the CVSD. 

r 

T<& 

"1 

| Part t 

Integration 
network 

*. 

Digital 
control 
circuit 

~1 

Syllabic 
filter 

I Part II Gain control I 

FIGURE 2.2.- CVSV block diAQHam. 
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An incomin, an.log signal E ^^J^S out^8' 
tructed an.loq signal %  by ■"""= °' ^^n wh?ch ofthe signals 
either a Ionic 1 or a logic ». fPf"™ romMrlson Is then 
U^nh^lS'Ä^^^Ä^ä the encoaed aigi- 
tal output P. 

The  reconstructed analog signal Z  ** P?0^6*13* ätS- 
.rating t^lilll^ output P which ^-^^-^^^^0^ 
ting factor   (W)  provided by a gai]?c°^?iG

Xof0^e analog signal 
in order to produce a more af?"^Pr£f Meeting a? least three 
E.  This weighting factor "^"^"^^sequence of P,  by means like and consecutive bits  in the binary |eguence ,   ^      g ^ 
of a digital control eircutt.^on ^4t faction,      w_pag8 m, 
produced and furtheron ^Jtered through^ s^^^^ ^ is 

ter   (usually at 25 Hz).   tne
a^^ a.ft a nr voltage to increase the 

-hirttrefgill'rtf cVaLT^riteriS is tLn inte- 
|«tea by neanl of the integrator network. 

M important point with respect to gain =on^r^t
II) 

formed: 
G   =  7\BC  +  ABC 

tLli tM mmm mmm 
q^-udies were performed on an IBM computer. A 750Hz test tone 

with a Äna^^ CO- 
dec computer modeJ- ^6

ra^0| ^2 and 38.4 kHz. S/N ratios are^ 
sampling frequencies: 16, 19.2, 3^ ana   p f T)# The fast Fourier 
obtained from the faftJou"eJft^

a"ui°rfacilitates signal analysis transform is a computational tool which facility 

The simulated codec is shown in Figure 2.3. 

ena aemoau^s^Ä^? --f iS« r' SsSriM stÄufÄr!s«?raatih^uut 
signal to compute S/N ratios. 

in „a^ÄÄ^^^ 
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S 

^e 

1 + T2P 

Control 
circuit 1 + TJP 

—(x) 'DC 

Low-pass 
filter 
7th order 

FO 
K, = 0.75 

Tl = 4.4 msec 

K2 = 0.5 

T2 = 1 msec 

FIGURE 2.3.- CVSV ■i-imulcuUon block dLagnam. 

The Laplace transformation is a process of transforming a time do- 
main function into the s (ccmplex frequency) donain. The frequency response 
characteristic and the transfer function of the 7-th order low-pass filter a- 
re shown in Figure 2.4. 

1kHz 4 kHz Trtquency 

FIGURE 2.4.- Frequency KeAponie. and tAanAfieA function, ofi 
thz 7th ondvi £ow-p(i4A illtvi. 
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Table 2.1 and Figure 2.5 give the simulation results ob- 
tained for the CVSD with a 750Hz test tone at four delta sampling 
frequencies. 

tNpUT^£REQ. 
UMPLITUDE*"^ 

SA 1 ratios  in db 

16KHz 19.2Khz 32KHZ 38.4KHZ 

0.01 6.87 10.93 

0.03 4.78 5.76 17.22 21.44 

0.10 9.27 14.95 20.59 23.07 

0.30 9.07 14.84 22.16 26.28 

0.60 11.14 13.59 25.34 28.15 

1.00 12.89 14.03 23.90 26.91 

2.00 13.97 16.18 21.85 23.40 

3.00 14.08 15.96 20.20 21.69 

6.00 13.77 14.90 16.65 17.04 

VDC ?61mV 261r'V 525inV 525mV 

TABLE 2.7.- CVSV compatid  S/W Katlo*   ion a  ISO tz&t torn 

2I2I CONVERTERS 
Delta Modulation and PCM are two different methods of 

digitally representing an analog signal. Both transmit only 
samples of the input signal and thus the information on the signal 
is available only at sampling time. In the present application, 
they differ in two ways: 

-they do not use the same digital code to 
transmit the information on the samples. 

-their sampling rates are different. 

Therefore, a PCM decoder receiving a binary delta sequence is 
unable to reconstruct the analog signal for two reasons: 

-as sampling rates are different, it is not 
looking for the information at the right time. 

-as the codes are different, it cannot 
"understand" the meaning of the binary 
words it is receiving. 
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To interface between delta and PCM systems, the DDMC 
has to realize a code conversion and a sampling rate conversion, 
This is done by usinq an intermediate binary code which permits 
easv convorsion to and from delta or PCM. The sampling rate con- 
version is made at this codinq level. 

The selected intermediate code is a linear binary re- 
presentation of the siqnal amplitude (linear PCM). It permits 
easy rate conversion by means of interpolation methods. 

delta 
code 

0) u 

o c o   intermediate u c o 
O-H code 

Delta sampling 
rate 

0) u 
■P  <D 
« > C 
M C O 

O-H 
o m 

"T  

intermediate 
code 

■*■ 

i 
Qi u a 
-o <u o 
o >-H 
ü c to 
o 

—^ 

PCM 
sampling rate1 

PCM 

FIGMRF 2.6.- Ge.ne.fial Method  ofi  Vlgital Convex ion. 

In the A to PCM DDMC, a delta code word is converted 
(code conversion. Fig. 2.6) into a linear PCM code word (interme- 
diate code). The intermediate code words are produced at the & 
sampling rate (38.4 32.0, 19.2 or 16 kHz). These code words are 
needed at the PCM sampling instants. As the output PCM uses an 
8kHz samplinq rate, a rate conversion from the delta sampling 
frequency down to the PCM sampling frequency is necessary. After 
this conversion the intermediate code words are available at PCM 
sampling rate. A second code conversion is necessary to transform 
the intermediate code word (linear PCM) into the output PCM word 
(compressed PCM). 

In the PCM to A DDMC (Fig. 2.6), the reverse operations 
are performed. The input PCM word (compressed PCM) is converted 
into a linear PCM word (intermediate code) by a code conversion. 
This intermediate code word is then made available at A sampling 
instant by a rate conversion. This result  is an intermediate 
code at the A rate which is converted (code conversion) into the 
output delta code. 

2.2.1 RFNFRAI Mnnns 

The delta to PCM and PCM to delta DDMC's are completely 
digital. They work with sampled signals expressed in binary form. 

Therefore, once per sampling period each block in Fi- 
gures 2.7(section 2.2.1.1.) and 2.9(section 2.2.1.2) receives 
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a binary number which represents the input value and uses it to 
compute the output value which is also a binary number. 

2.2.1.1. DELTA MODULATION TO PCM CONVERSION 

Figure 2.7 shows the general model of a A to PCM DDMC. 
The code conversion, from delta to linear PCM (intermediate code) 
is made by the gain control circuit and the digital integrator. 

GAIN 
CONTROL 

DIGITAL 
INTEGRATOR 

DIGITAL 
FILTER 

SAMPLER 
AT 

PCM RATE 

PCM 
COMPRESSOR 

PCM 

FTGÜ^ 2.7.- OtmA&t  Morfe-e 0$  a  b to  PCM TPMC. 

The intermediate code represents the amplitude of the 
transmitted sianal. To reconstruct this amplitude (at the delta 
sampling ratej the incoming delta sequence is first fed into the 
qacn contAoi  circuit which determines the delta step size. This 
gain control circuit is a logic circuit which utilizes an algo- 
rithm similar to the algorithm of the delta modulator. Using the 
delta sequence, it generates once per A period a binary word 
which represents the value of the delta step at this instant. 
The digital intzgiatotL  is another logic circuit which determines 
the amplitude of the transmitted signal by adding the delta step 
values. It is a digital addition and the output is a binary word: 
the intermediate code word. 

The digital filter and the sampler at PCM rate realize 
the delta to PCM rate conversion. The digital Alltzi  is a logic 
circuit which transforms the digital version of the signal (re- 
presented by the binary intermediate code) in the same way as a 
continuous filter would transform the analog version of the same 
signal (represented by an analog voltage). It is a low-pass fil- 
ter (cut-off frequency around 3.5 kHz) whose purpose is to atte- 
nuate high frequency components of the delta quantizing noise. 
The output of the filter is again a sequence of binary words which 
represents the transmitted signal smoothed by the low-pass cha- 
racteristic. 

The rate reduction from delta frequency down to 8 kHz 
is made by the 6a.mpte.fL.  At the input of the sampler, the amplitu- 
de of the voice signal (intermediate code word) is known at each 
delta sampling instant. The sampler is a logic circuit which has 
to generate an intermediate code word at each PCM sampling time. 
The complexity of the circuit depends on the delta sampling rate. 
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At 32kHz, the sampler only needs to disregard three samples out of 
of four and keep the fourth one. At 19.2kHz and 38.4kHz the circuit 
is more complex because the delta rate is no longer a multiple of 
the PCM rate and the sampling instants are not coincident. In this 
case the PCM sampling time is generally in between two delta sam- 
pling times and as the value of the intermediate code is known 
only at delta sampling time, the value at PCM sampling time must 
be estimated by an interpolation method. The interpolation method 
depends on the system signal-to-noise  ratio (i.e depends on the 
type of delta modulation and on the sampling frequency) : 

-when possible without degrading the system performance, 
a zeic-cidiLi  digital holdtn  is used. In this case the latest 
available value is stored (hold) and used when needed (Figure 
3.3). 

-when a higher quality is necessary, a llnzaK inttipo- 
lation  is used (Figure 2.8). 

Such interpolations add noise to the system and in some 
cases a low-pass digital filter (cut-off frequency around 3.5kHz) 
must be placed after the interpolator to remove excessive out-of- 
voice-band noise. 

INTERMEDIATE* 
CODE   +9-- 

SAMPLING 
reiT        A 

SAMPLING SAMPLING 

;.' 

i\i 

VI  and V2  axz  two iaccmlvz  code Moidt»  at  A sampling 
time..  P) and  P2 ate two  dlMtiznt z&tlmate.i  oi thz  code va£ue at 
PCM sampling tlmz.   Pi IA  obtalnzd by zzKo-oidtx holding and PI  by 
llnzan Inttfipolation. 

FIGURE 2.Ä.- Intzipolatlon Mzthodi 

The intermediate code word which appears at the output 
of the sampler at PCM rate is a binary linear representation of 
the transmitted signal. This linear word is then cowp^ieA^ed into 
the 7 or 8 bit PCM code according to the remote PCM channel bank 
characteristic. 
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re  2.9. 

2J2JLLL   PCM  TO   HFJTA  MnntJIATION   CONVERSION 

The  general model of a PCM-delta DDMC  is  shown  in Figu- 

PCM PCM 
EXPANDOR 

SAMPLER 
AT 

Ü RATE 

* COMPARATOR ^ , 

. 

U_ 

DIGITAL 
INTEGRATOR 

GAIN 
CONTROL 

FIGURE 2.9.- Gzne.fLCLi Hodzl of,  a  PCM to   A PPMC. 

The PCM txpandoi  converts the incoming PCM word (com- 
pressed) into the intermediate code word (linear PCM, see Figure 
2.6). 

The sample.*,  performs the rate conversion from PCM to 
delta sampling frequencies. The PCM sampling rate being smaller 
than the delta cne, intermediate code words (in between two PCM 
samples) are estimated by interpolation methods similar to those 
of section 2.2.1.1.At the output of the sampler, binary inter- 
mediate code words are available at delta rate. 

The compaiatofi  and the gain contfiol circuit  and the 
digital Intcgfiatoi  realize the conversion from intermediate to 
delta codes. At each delta sampling time, the intermediate code 
word is compared to the binary word generated by the feedback 
loop gain control and integrator.  A delta bit one or zero is 
produced depending on the result of the comparison (positive or 
negative resvlt). This delta bit is available for transmission 
and is als xJad into the feedback loop. With this information, the 
gain contrt- circuit and the digital integrator determine the 
value of the reconstructed signal. The gain control and the inte- 
grator were described in section 2.2.1.1. 

2.2.2. SYSTEM APPROACH 

Performances of PCM and delta codecs are evaluated by 
computing the amount of quantizing noise they add to the trans- 
mitted signal. The same criterion has to be used for the DDMC, but 
it is impossible to consider it alone. The converter receives a 
binary code and produces another code which cannot be used direc- 
tly to compute the signal-to-noise ratios. Therefore, the DDMC 
must  be simulated when inserted in the complete codec-converter- 
codec system. 
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The objective is to have a quality better (or equal) than the qua- 
lity obtained by going back to an analog signal to make the conversion. Thus, 
the ccmplete systems shown in Figure 2.10 have to be simulated and their per- 
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FIGURE 2.1 OB,- SyUm laUh POMC'4. 

formances ccnpared, the signal-to-noise ratio of the analog system being used 
as a reference. It must be noted that the DOC, being digital, can be exactly 
simulated on a general purpose cotputer. This is not true for the delta and 
KM codecs which are partly analog circuits which have to be digitized in or- 
der to be simulated. Because of analog hardb'are inperfections, the real co- 
decs introduce nore degradation than the simulated ones and therefore the DCMC 
could be designed to give a S/N lower (probably by 2 or 3clb) than the refe- 
rence but would still offer the same quality as the analog system. However, 
it was decided to design it to obtain the same S/tl as the reference for the 
following reasons: 

1. to have as good a quality as possible, 

2. since no practical tests had yet been made, the difference 
between ccnputed and real performances of the analog system 
could not be properly evaluated. 

: 
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9.?.?.i. t&gi DELTA TO pen {£xmm ZJjy 
In Figure 2.11 and in all the following figures the diait- 

al  filters are defined by their Z-transfer functions. Each filter 
is represented by a box which contains the function with the pro- 
per coefficient values. 

As explained in Section 2.2.1.1 the first block is the 
gain control circuit whiph receives the delta sequence and which 
generates, once per sampling period, a binary number representing 
the delta step size. In the case of CVSD the gain control circuit 
is made of a logic block followed by an analog syllabic filter 
(see section 2,1.2). Therefore, the DDMC gain control cir- 
cuit contains the same logic block followed by a digital sylla- 
bic filter. 

The digital integrator is a digital first-order low- 
pass filter with a very low cut-off frequency. It digitally in- 
gegrates all the binary numbers received from the gain control 
circuit and produces, once per delta sampling period, a binary 
number which represents the sum of all the delta steps. This bi- 
nary number is the intermediate code word. 

The intermediate code word is then processed by a 4th- 
order digital low-pass filter in order to attenuate high frequen-! 

cies of the quantizing noise before the rate conversion. Once per 
delta sampling period the filter produces a linear PCM word (bi- 
nary number) which represents the transmitted voice signal from 
which the delta noise has been filtered. 

The rate conversion form delta to PCM sampling frequency 
is made bv a zero-order holder (see section 2.2.1.1) followed by 
a sampler'at 8kHz (PCM rate). The output of the sampler is a 
linear PCM word (intermediate code) which is digitally compressed 
(see section 2.2.1.1) to produce the PCM word. 

?.?.?.?.  Pm TO 16KHZ DELTA (FIGURE 2.12) 
The intermediate code (linear PCM) at PCM rate is pro- 

duced by the PCM expander (see section 2.2.1.2). 

The rate converter must increase the sampling frequency 
from 8 to 16 kHz. It is made of a linear interpolator (section 
2.2.1.1) and of a first-order low-pass digital filter. The low-pass 
filter (cut-off frequency 3.2 kHz) smoothes the staircase type 
signal given by the linear interpolation. The output of the fil- 
ter is thus the intermediate code at 16kHz. 

The intermediate code to delta conversion is made by 
comparing the value of the intermediate word to the value of the 
digital number produced by the feedback loop. As explained in 
Section 2.2.1.2 delta bit 1 or 0 is transmitted depending on the 
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result of the comparison  and the feedback loct) is composed of a gain 
control circuit and an integrator similar to those of   Section 
2.2.2.1. 

Syllabic filter 

Logic 
gain control 

(*y 

62.5 

Diciital   integrator 4-th order  low-pass  filter 

1  (l>1.75z":l*.9921B8z"Z)   (1» .9375z"1* .99609z    ) 

(1-1.1252"V 46875z'2)   (l-.625z'1+.8125z"2) 

8 kl! z 
to PCM 

-^ compressor 

FIGURE  2.17.-   16kHz  CVSV to  PCM PPMC 

2.2.2,5. 32KHZ DELTA TO PCM (FIGURE 2.13) 

Except for the sampling frequency this converter is si- 
milar to the one of Section 2.2.2.1. Again a 4th--order low-pass 
filter is used to attenuate delta noise high frequencies. Its cut- 
off frequency is 3.2kHz. As indicated in Section 2.2.1 the holder and 
smoothing filters are not necessary when the sampling rate is reduced 
from 32kHz to 8kHz. As sampling times are coincident it suffices 
to use one sample out of four and to disregard the three others. 

It must be noted that the coefficient values of a digi- 
tal filter depend on the sampling frequency. Therefore the coef- 
ficients of the 32kHz filter (integrator and low-pass filter) are 
different from the coefficients of the 16 kHz filters of Section 
2.2.2.1 even though the frequency responses are similar. 

2.2.2A PCM TO 32KHZ DELTA (FIGURE 2.1/0 

Except for the sampling frequency, this circuit is the 
same as the one of Section 2.2.2.2. 
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d+^z"1*,984375z"2)    (l-.96875z"1<.9980472"2) 

(1-1.5625z"1+.90625z"2)    (1-1.640625z'1+.734375z"^ 

8kHz to PCM 
_^   compressor 

FIGdRr   2.13.-   52kHz  CVSV to   PCM 

tZJjL 1q.?dl7 nnTA T0 m fFT(;"RE 2-15) 

A 4th- order low-pass filter with a 3.2kHz cut-off 
frequency is used to attenuate the ^"tizing noise. A zero-order 
holder with a second-order low-pass ^^«.^^^f J* "eduSe 
with a 5kHz cut-off frequency is used in the sampler To reduce 
from 64kHz to 8kHz, it suffices to use one sample out of eight, 
the sampling times being coincident. 

7,7,7,R pm TO 19.?KH7 rFiTA ^^^ 2--1-6) 

The PCM to delta rate converter is made of a linear 
interoolator followed by a second-order low-pass filter at "kHz 
(Su?-o?f frequency: 5 kHz). The sampling frequency is then reduced 
tTl9  2  kHz by a holder and one more first-order low-pass filter 
(cut-off frequency: 3 kHz). 

The intermediate code word is now available at A rate. 
The conversion from intermediate to delta code is made, as ex- 
pllineS in Section 2.2.2.2, by a digital comparator and a feed- 
back loop. 
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FIGURF   Z.I5-     M.2kHz  Cl/SP  to  PCM  PPMC. 

?.2.2.7.     38./! KHZ DELTA TO PCM (FIGURE 2.17) 

The block diagram is the same as the one shown for the 
19.2kHz Delta to PCM DDMC (Section 2.2.2.5). Only the filter 
coefficients are different because the sampling frequency is 
different. 

?.?.?.«. PCM TO 38.*JKH7 HFITA (FIGURE 2.18) 

Again the principle is the same at 38.4kHz as at 19.2kHz 
and the explanations given in section 2.2.2.6 are still valid. 
Only the coefficient values and the sampling frequency are dif- 
ferent. 

2.2.2.9  PERFORMANCES 

Figures 2.19, 2.20, 2.21 and 2.22 show the signal-to-noi- 
se ratios computed by simulating codecs and DDMC's at the four 
sampling frequencies. At some signal levels, DDMC's perform 
slightly better than the reference and at some others slightly 
worse. This is because the analog filters of the reference and the 
digital filters of the converters do not have exactly the same 
cut-off frequencies. As we used a single input frequency in the 
simulation, the quantizing noise spectrum was peaky and the 
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S/N was therefore quite sensitive to cut-off frequency. Results are 
judged good since average S/N ratios are similar over the comple- 
te dynamic range. 

Logic gain 
control 

(X> 
Digital Integrator 

Syllabic filter 

1-0.9941412 <+>-•• 013122 

1 (1 + 0.OgaTSz"1^.984375z'2)    (l-1.25z"1+o'.998047z"2 ) 

l.-0.97265z"1 
""SP 

(1-1.6875z"1+0.925782z"2)      (1-1.71875z"1+0.78125z"2) 

>f 

$ Holder 

64kHz 
Low-pass  filter 

l.-1.3125z"1+0.5zX 

8kHz 
to PCM compressor 

FIGURE  2,17.-   3t.4kHz  CVSV to  PCM VVMC 
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3. IMPLEMENTATION 

3-1. DELTA CODEC 

3.1.1. CIRCUITRY DESIGN 

3.1.1.1. MODULATOR 

The CVSD encoder-decoder drawing is shown in diagram B2 
of Appendix B. 

Comparator 2 is an open loop operational amplifier, 
without frequency compensation. Its output is clipped by R18, R19 
CR2 to drive shift register 4 (0-5V).  The output of the register 
gives bits at sampling times NT, (N-l) T, (N-2)T. 

Similarity bit detector gates 5,6 give a logic 1 at the 
collector of Q3 when the outputs of the three shift registers are 
equal.This logic 1 is then integrated with a 4.4ms fine time cons- 
tant. When Q3 is off, CR1 is on, and the time constant is then 
given by R4+R7 and 01, When Q3 is saturated, CR1 is off and the 
time constant is given by R5+R7 and Cl. Potentiometer R60 gives 
a control voltage (V ) which is slightly positive when there is no 
audio input. 

Transistors Ql and Q2 operate as gates and let pass the 
control signal (V ) either by the input + or by the input of mul- 
tiplier 11. The multiplier output gives a balanced, square signal 
of amplitude 2V x multiplier gain. Its symmetry around zero is 
adjusted by rotentiomer R130 (drift adjustement). The output is 
integrated by R15 and C2. 

3.1.1.2. DEMODULATOR 

The decoder is similar to the encoder, but there is no 
comparator. In addition, there is a smothing filter at the output. 
It is a low-pass filter with a 4kHz cut-off frequency and a 
minimum rolloff of 130dB/Oct. The pass band has a 3dB ripple or 
less and the stopband rejection is at 45dB or greater. The D.C. 
gain is J. 

3.1.1.3. DELTA CODEC CHARACTERISTICS 

3.1.1.3.1. POWER SUPPLY 

For one modulator-demodulator (codec) 
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Voltaqe Current Power 

M5V 

-15V 

♦    5V 

25inA 

8niA 

HOmA 

0.375mW 

0.120inW 

O.SSOmW 

Total power:     1W 

Power Fupplies:  Harrison 5201B-Hewlett-Pacdcard 

UuLLL CLOCKING RATE 
The codec is optimized to operate from 16kbits/s to 

38.4kbits/s. The clock controls a TTL circuit (levels 0,5V). 

3.1.1.3.3 IMPEDANCE OF CODEC 
Input Impedance: 2.2kn 

Output impendance: 68n (R23 is a loading resistor). It is 
not used if the output is connected to an adapted line (680n), 

LULl ALIGNMENT 

MJAl MODULATOR 
The input being grounded, modulator R60 is adjusted for 

triangles of 40mV p-p at 19.2kbits/s and 20mV p-p at 38.4 kbits/s. 

The input being a 800Hz test tone, the symmetry of the 
multiplier output is adjusted by potentiometer R130. The multiplier 
not being linear over the total dynamic range, the 800Hz test 
tone amplitude must be chosen at middle range (from low levels to 
saturation %-15db). 

3.1.1./}.2 DEMODULATOR 

The modulator input being grounded, demodulator R60 is 
adjusted for triangles of 20mV p-p at 19.2 and 38.4 kbits/s. 

Demodulator R-130must be adjusted exactly as modulator 
R-130(see 3.1.1.4.1). 

LiiL5 COMPONENT? 

The components required are described in detail in Appen- 
dix C. 
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3.2. CONVERTERS 

3.2.]. STRUCTURE OF THE DDMC 

The aim of the present work is to prove the feasibili- 
ty of direct diqital conversion between delta and PCM and it is 
only required to build a single channel system. 

For a single channel converter, serial operations re- 
quire less hardware than parallel ones. Therefore, the DDMC pro- 
totype will be implemented with a serial structure. 

3.2.2. DESIGN 

3.2.2.1. DIGITAL FILTERS 

Digital filtering is the process of spectrum shaping 
using digital hardware. The aims of digital filtering are the 
same as those of continuous filtering but the processed signals 
are discrete instead of being continuous. 

In a digital filter, the input and output signals are 
not represented by a continuous waveform but by samples. Usually 
the sample values are given by binary numbers. Once per sampling 
period, the filter receives a signal sample and produces by means 
of digital logic operations an output sample. 

The output sample y{nT) of a digital filter at time 
nT (sampling period T seconds) is computed from the input sample 
(x(nT)) and a linear combination of past inputs and outputs 

■ 

y(nT) 
N 

= i 
i=n 

a.x((n-i)T) 
M 

- I b.y((n-i)T) 
i = l 1 

(3.1) 

where the a!s and b!s are constant coefficients. Equation 3.1 is 
called a finite difference equation. 

The logic circuit which implements the operations of 
Equation 3.1 is schematically represented in Figure 3.3. 

The input sample x(nT) is fed into a one period delay 
block. x((n-l)T) is available at the output of this block. There 
are N such delay blocks connected in tandem which provide the 
values of x((n-l)T), x((n-2)T),..., x((n-N)T). Each of these 
x((n-i)T) , i=0 to N , is multiplied toy its weighting factor ai. 
Similarly, M delay blocks provide the values of y((n-i)T), 
i=l to M, which are multiplied by the coefficients b.. An adder 

gives the output value y(nT) by computing the sum or all these 
terms. 
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M     ix((n-l)T)   x((n-2)T)        x K,nT,Xn 

Notes: rcprer-onts an adding 
circuit. 

IT I reprosents a 1 period 
L-—I delay. 

represents a multipli- 
cation by the coeffi- 
cient C. 

y(nT) 

-' y((n-l)T) 

y((n-2)T) 

M 
Y( (n-M)T) 

I ! 

■ t 

FIGURE 3.3.- VlQltal  FUtti 

In the following, the filters that are used in the DDMC 
are described. For each filter, the z-transfer function, the 
finite difference equation and a block diagram representation are 
given. The finite difference equation is a particular case of the 
general equation 3.1 and the block diagram is a s1^1*10^1™, 
of Figure 3.3 in which all the paths where the coefficients equal 
zero have been removed. 

First-order low-pass filter 

z-transfer function; 

v(z) _ Hr_x =  TY (3.2) 

where K, is a constant coefficient similar to the a[s and b[s. 

Finite difference equations 

y(n) = x(n) - Hj y(n-l) 

Block diagram representation: 

FIGURE 3.4.- 1** Ot-dtl Pigltat 
flttZK 
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Se<x>nd-order low-pass filter 

z-transfer function: 

1 
q IJ 

1+K1z+K2z 

vtiere K   and K_ cire constant coefficients. 

Finite difference equation: 

y(n) = x(n)  -^ y(n-l) -K2 y(n-2) 

Block diagram representation: 

 G  X 

-K1 

-K, 

I 
T 
zr 

FIGURE 3.5.- 2nd-ofideA digital AUUeA. 

Second-order filter with prediction 

z-transfer function: 

H(z) = 
1 + K   z 

71 
-1 

-ix (1 + K2 z *)   (1 + K3 z *) 

v*iere K, and K- and K^ .are constant coefficients. 

Finite difference equation: 

y(n) = x(n) + K^Cn-l) - (K2 + K3)y(n-l)-K2K3y(n-2) 

(3.4) 

(3.5) 

(3.6) 

(3.7) 
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Bloc diagram representation: 

l T 

'K2_K3 

— KT Kp 

FIGURE 3.6.- 1-zeAo, 2-po£e digital iUXdA. 

TVo-pole & TVo-zero filter 

z-transfer function: 

H(z) = 
1 + ^ z'1 + K2 z"

2 

1 + K3 z'
1 + K4 z"

2 

where 1^, K2, K3 and K4 are constant coefficients. 

Finite difference equation: 

z(n) =x(n) +K1x(rv-1) + ^(n-a) - K3y(n-1) - K4y(n-2) 

Block diagram representation: 

* T 
Kg 

% 

»<3 

T 
3" 

FIGURE 3.7.- 2-pote,2-zeAo di^Ual iittvi. 

(3.8) 

(3.9) 
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^.?.?.2. FILTER roEFFiciENT ROUNDING. 

Onco the theoretical values of the coefficients have been 
computed, they have to be rounded off in order to make the prac- 
tical implementation as simple as possible. 

To minimize the hardware complexity and/or the operating 
times in the converter, we changed the theoretical values of the 
filter coefficients for approximate values requiring as few addi- 
tions and subtractions as possible.  Of course this coefficient 
rounding modifies the filter frequency response and the amount of 
simplification was limited by the desired filter performance. It 
must be noted that the filter characteristic is more sensitive 
to coefficient rounding when the sampling frequency is high. For 
this reason, coefficients are generally simpler at 19.2kHz than 
at 32 or 38.4kHz. 

3L2JLJL ELECTION OF SUITABLE WORD LENGTH 

The system was, as described in Section 2.2, si- 
mulated  on a general purpose computer. Samples were represented 
by floating-point binary words with all the precision of the 
computer. 

Floating-point arithmetic is difficult to implement with 
serial circuits and thus,fixed-point operations are made in 
the DDMC. The word length must be a« short as possible to keep 
the amount of hardware minimal. Limiting the number of bits per 
word introduces noise in the filters an^l we must determine the 
smallest word length which does not noticeably degrade the system 
performances. 

In aeneral, the results of the multiplication of a sample 
by a filter coefficient needs an infinite number of bits to be 
exactly represented. Of course, the result must be truncated and 
thus noise is introduced at each multiplication. As truncation 
limits the number of levels available to code the result, it is 
really quantizing noise which is added to the signal. 

For example, if the result of the multiplication is re- 
presented by a word which has only two bits after the binary 
point, the difference between two consecutive levels is J = 0.25 
This means that only values such as 0.25, 0.5, 0.75     are 
available. If the multiplication result is 0.62, it is truncated 
down to 0.50 (quantizing error » 0.62 - 0.50 = 0.12). The diffe- 
rence between two consecutive levels is the quantization step. 

Let us assume that there are M filters in tandem in the 
DDMC. Each filter requires one or more multiplications. In a 
given filter (filter number i; i=l,..M) the multiplication results 
are truncated with a quantizing step Si. 
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It is possible to Evaluate approximately the noise con- 
tribution of the truncations if we assume that the quantizing 
error is uniformly distributed and that noise samples are uncor- 
related. The total truncation noise power (PJ of a converter as 
a function of the quantization steps is foufld to be: 

C S2 C1S1 r s2 f 2b2 
CMSM 

(4.1) 

C„ are numerical coefficients, and S,, S,» where C,, C-,.. ~a 
S„ are the quantization steps of the M filters. 

To be practically unnoticeable, it is assumed that the 
truncating noise (Pj must be 6db below the system noise as 
computed without truncation in Section 2.2. It was also decided 
that the contribution of all filter noises should be equal 

i.e. C^2 - C2S
2 - ...CMS

2 = PT/M. 

Thus, we  were   able to compute approximate values for 
S,, S9...SM and to determine how many bits were necessary after 
the binarv point. For instance, if we compute: 

P "V 

point to represent results of multiplications in the ith filter. 
This gives: 

S. = 2'2 ■ 0.25 < 0.34 

As several assumptions had been made to obtain these 
values, simulations, where all the truncations were made, were 
run to check the results. In some cases, the number of bits had 
to be modified but theoretical and simulated values were very 
close. 

The maximum values of the samples were also computed to 
determine the number of bits on the left of the binary point. This 
was straightforward as the gains and the input signals of the 
filters were known. 

Figures 3.8 to 3.17 give the complete schematics of the 
CVSD DDMC's (explained in Sections 2.2.2) at 16, 19.2 32 and 
38.4kHz sampling rates. Word lengths are indicated for each filter 
by numbers in brackets. The following conventions are used: 

(a,b.c) 
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»«-. ü#* 1* needed   (it  is not needed for the 
' -  Äro^iUr^«"!. Ä Positive,. 

I :  S ^anftha? fS^lt is not necessary. 

b ,  indicates the nu^er cf bits on the left side of the hinarv 
point. 

f MI-«? on the right side of the binary c  :   indicates the number of bits on tne  rig 
point. , m. .     „-__  «-hat there is no bit on the 
ISS ^df^fthe-biSary "int Snd that the truncation is ma- 
ä^ Stif llft'stde^up M the bit of weight 2-|c|. 

EXAMPLFS; 
j ,.v,^v, i«» either positive or negative, (1,4.2) indicates a word which is eitner po 

whose maximum value is: 

23 + 22 + 21 + 2° + 2-
1 + 2-2 - 15.75 

and whose smallest non-zero value is: 

2~2 " 0.25. 

Total number of bits: 1+4+2=7 

(0,5.3): always positive; maximum value: 

24 + 23 + 22 + 21 + 2° + 2-1 + 2-
2 + I'*  -   31.875 

minimum value: 

2"3 - 0.125 

Total number of bits: 0+5+3=8 

(1#7-3): positive or negative; maximum value: 

minimum value: 

24 = 16 

Total number of bits: 1+7-3=5 

S/N ratios obtained with truncation paramaters were 

given in Section 2.2.2. 

26 + 25 + 24 
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64K 

(lf12.3) 

T) 
li 
^^      PCM 

\   ^f125 

J 
1 
L 

a 
L. 

1 

(0,12.0) 

1,14.3) 

-0.50 

| 

1 

FIGURF  3.Ä.-  A  tizquzncy to PCM  ^Ktquznctf   convex-ton   clicuit, 

Linear Interpolator 

PCM 

(1,12.1) 

1.3125 

-<  

-0.50 

—e- 

(1,15.1) 

(1,15.3) 

FIGURE  3.9.-  PCM  ifizque.ncy to  A  ^equency   convzx&lon     cl^cu-Lt, 
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Logic gain control 

.116211 

U^-ü^ 5) (1,11.2) (1,12.4) 

0.9375 
—<  

1.75 
 ►- 

.992188 
 >  

1.125 

i. 

-0.46875 
_<  

0.996094 
 ►— 

FIGURE  5.10.-  AHPCM    JäK. 
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FIGURE  3.11.-   I9.2feHz  AHPCM. 
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FIGURE  3.12.-   32K   A-^pCM. 
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FIGURE  3.13.-   38.4K  A-^CK. 
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FIGURE  3.M.-   PCM-A   16K 
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FIGURE  3.15.-     /9.2fef/2  PCM-^A 
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FIGURE  3.I6.-PCM->A   32K 
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FIGURE  3.17.-  PCMH-A  38.4K 
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3,2.2.^. BASIC PRINCIPLES OF THE SERIAL REALIZATION OF 
• THE DDMC  ~ ~" ~  ~—--~~-~~~~~-~~~~~-~--~~~ 

This section deaYs with the basic principles of the reali- 
sation of the DDMC. The detailed descriptions are given in Appen- 
dix A and B. Some specific integrated circuits (IC) are given 
as examples; other IC's might be used. 

Serial operations are made synchronously starting from a 
fast clock (CF) within the DDMC. The clock frequency must be at 
least .064x19 ■ 1.216MHz (.064MHz being the sampling frequency of 
the interpolator section, operating with 19 bit words). CF is ge- 
nerated from the 8kHz clock of each PCM system and multiplied by 
192 to give a 1.536MHz fast clock. 

CF acts upon shift registers (SR) or D flip flops, on 
the negative transition. But a specific SR or D flip flop is 
clocked only during determined intervals, within the period T 
(because of various sequences of operations, different binary 
word lengths..). So an information on chronology during T is 
needed. This will be performed by counting the transitions by means 
of a binary counter. 

The binary counters used in the DDMC are made of shift 
registers: each transition of the shift register clock (CC) shifts 
a logical one through the register, 

"o" 
ii       on     monostable   M 

CF 

rr 
'•SJ- ■—i— 

t * 
:  : 

Sx Sn 

So, S is equal to zero from the reset of the counter (parallel 
transfer of zero) to the x shift of the clock CC. Sx is then 
equal to one up to the counter reset. 

During each sampling period, the serial computations are over 
when S reaches a value S this value being dependent upon the or- 
der of the most significant bit, within the DDMC. It is of no use 
to count beyond S . Then, the counter clock CC will be: 

CC = CF g,
n. 

As desired, this stops the counting. At the beginning of the 
next sampling period, forcing each S to 0 will make the counter 
run again. Such a reset of the counter is performed by a monosta- 
ble  M, triggered at the beginning of each sampling period. 
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A phase diagram of the events between Z sampling times 
(given by the negative transition of monstable M) is shown in 
Figure 3.18. 

M and CF are independent signals. Successive values of 
S determine whether  or not CF must be sent on a specific SR or 
Dx flip flop. In order to prevent critical races, the clock input 
on SR and D flip flop is always inhibited by S1. Thus a transition 
on CF cannot shift any register without being counted {S1  is tne 
result of the first transition of CF on the counter). 

um. 
ji  

._rLx „jiruiruL^ 
 rL_M 

i XJ 
i 

J     L 
JUUL. .JUT rLcc 

FIGURE 3.18.- Timing  conditions 

These are the timing conditions during the basic opera- 
tions which are: 

-right shift of parallel storage in a shift 
register. 

-parallel or serial, addition or subtraction. 

-multiplication of a binary word by a 
constant. 

-conversion from A to PCM sampling 
frequencies (or vice versa). 

^?.?.a.l SHfPT - RFfilSTER (SR) 

They are of the MC 7495 type. They come in four position 
chips, and several of them are connected in series,so as to get the 
desired number of positions. When the number of positions is one 
more than a multiple of 4, a clocked J-K flip-flop can be used 
for the additional positions. 
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MC 7495 performs parallel in / parallel out, right and 
left shift depending upon the logic level present at the mode 
control input MC. In fact only right shifts and parallel in will 
be performed. 

Serial transfer (shift) is made on the negative transi- 
tion of a clock CS while MC=0j parallel in is related to a clock 
CP and MC-1. 

3.2.2.^.2. AnniTiQN AND SUBTRACTION 

Only full adders are used. Subtraction is made by adding 
the 2,s complement\of the subtrahend. A I's complement of the 
subtrahend is first obtained by complementing each bit, then a 2's 
complement by adding 1 in the least significant position: the ini- 
tial carry is set to one. 

Serial addition or subtraction 

A serial adder is shown in Figure 3.19. A one bit full 
adder MC 7480 is used. The carry from the addition of 2 bits is 
stored in a D flip-flop MC 7479, for its use during the addition 
of the next higher order bits. 

Serial Input Input  i^CS 
^ 1  SR   7495        \-  

M 

CS 

 >- M 

Serial Input 
 ^  

MC 7479 
A>  

ID^Q 

NC. 
1—1 

NOTE :  1 = logic 1 

H   SR   7495   ""H^- 

H 
B*A) 

:in 

MC 7480 

FIGURE 3.19.- SeAAol addeA  |A+B) 

The initial value of the carry is set to 0, by the same 
monostable M that resets the binary counter. Thus, the 
carry is set prior to the shift of bits. A serial subtracter 
is shown in Figure 3.20. 

Complementation of the bits of the subtrahend is done 
by using the inverting input of the full adder. Monostable M sets 
the initial carry at one. 

As a conclusion, serial adders or subtracters are compo- 
sed of one full adder MC 7480, one D flip-flop and 2 inverters 
(that ca_n be shared with other adders or subtracters). In the 
following they will be called Full Adder (FA), and symbolized as in Figure 
3.21. 
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Serial Input 
 ^— 

M 

s^. 
Serial input 

SR   7495 

-!>- 
M 

MC  7479 
A--[>o  

D   Q 

C -4 
-|   SR   7495" 

•cs 

>>- 

D 
c 
cm 
MC 7480 

zr 

B (B-A) 

'KsTQ NOTE : 1 = logic 1 
0 » logic 0 

FIGURE 3.20.- SdJUal   tubtMLctoK (B-A) 

0 

(A*8) 
Serial adder 

(B-A) 
Serial subtracter 

FIGURE 3.ZU-   Symbol!» 

Carry must be stored whenever at least one bit changes at 
the input of the FA. So the clock on the D flip-flop must be the 
union of both serial clocks of the 2 SR containing the terms of 
the addition. 

^.?.7.a.3. MULTTPIirATIQN OF A BINARY WORD X BY A 
CONSTANT. 

This operation is found in all digital filters. The problem 
of multiplication by a constant is a problem of multiplication 
by powers of 2 (shifts) and additions. 

If so, only right shifts are performed, since all coeffi- 
cients are of the form 2~n, with n>p. For a right shift, the 
least significant bits are ignored, whereas  the sign bit is 
entered at the left of the binary word. 

The multiplication by 2"n can be performed while shifting 
the binary word through its SR. The output of the ntn position 
of the SR is used (least significant bit position being numbered 
0th). If p is the length of the binary word, the sign bit must 
be sent after the (p-n)th shift. 
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The three NAND gates in Figure 3.22 perform the previous 
operations and deliver, in series, an output y=x/8. 

The sign of the binary word x is kept in memory during 
the shifts (sign memory SM) in a D flip-flop clocked prior to 
the beginning of the shifts (monostable M). 

« 

Serial Input 
987654321   0 /CS 

«6 I I I I 1,1 I EJ^r 

•a SM 
(P = 9. 

1 output 

n « 31 

FIGURE 3.22.- MuJUipUcatlon    by  2" 

The value of y is then added algebraically to  other 
values of (x)p~n)in order to perform the multiplication by a 
constant. This is done with 2-input serial adders or subtrac- 
tors (FA), connected in such a way as to minimize the delay of 
propagation of partial results, and to avoid overflow on partial 
results. 

3.2.2.4A CONVERSION FROM A TO PCM SAMPLING FREQUEN" 
CIES COR VICE VERSA) 

The Ä and PCM clocks not being synchronous, a buffer 
register (B) is to be introduced between the A and the PCM shift 
register (Figure 3.23). The A sample is found in the SRI regis- 
ter, after computation during a time smaller than the sampling 
period. The A sample is entered in parallel in the buffer B 
(write order with clock CW). The output of this buffer is sent, 
also in parallel, in the input register SRO of the PCM section 
(Read order with clock CR). The write and read orders are found 
during conversion from PCM to A. 

v 
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1 *•. 

{ I 

>»'l- ul input z Serial output       ^ 

■■ 

CP-CR^ 

5K 1 

\ Indicated a parallel 

B  *■■■» storaqe 

{■ Serial output 
SRO 

FIGURE 3.23.- InPtodaction 0(5 tha bu^eA B uhan 6ki^Ung 
]fiom one &mpUng ^aqazncy to anotheA 

The READ order must not follow the WRITE order by less 
than T +T where T is the maximum propagation delay time of tne 
hn??erPlnl T the 8et-up time in SRO (the hold time is zero in 
tSe worsfcale? If thil condition is not respected, the binary 
wo?d might be altered during the frequency conversion. 

A solution to this problem is to delay the READ order 
by maintaining CRh?gh if it Sas so on the negative transition 

of CW. 

The circuit in Figure 3.24 generates the clocks CW 
and CR, deputing from CRA Ind CWA, which will be the sampling 
^k^ (either FA or CPCM). The two delay blocks are needed to 
cimpenSi?e for delay propagation times in the shift registers and 
D flip-flop, and critical races. 

CRA 

■\ DELAY  h 
CR' 

D      Q 

yWA 

MC 7479 

-l>-fe t 

r^ 
T   - 100ns 

P 

r 
<- 

CW 

TW » 60ns 

FIGURE 3.24.- GineAato*. o^ CR md CW ^ a ^Kaqamcy 
conveAAion 
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A D flip flop MC 7479 makes the decision whether to 
delay or not, by generating a pulse T at the Q output if CRA=1 
on the negative transition of CWA. ThSs pulse is added to CR with 
an OR gate; so the negative transition of CR is delayed with res- 
pect to CR*, when it is needed. 

If the D input of the flip flop changes during the set- 
up or holding time, the Q output cannot be predicted after 
clocking. But its value, either 1 or 0, will make the decision 
whether to delay or not. 

^.?.?.5. QVERAII PICTURE 

The DDMC converts CVSD delta signals at 16, 19.2, 32 
and 38.4kbps into one channel of the D.l, TD968, TD660 and A 
law PCM channel bank multiplexers and vice versa. 

^,?,?.q.i. A^PCM DM: 

The delta to PCM part of the DDMC prototype is built 
with 21 boards as represented in Figure 3.25. 

-Board B-22 is the CVSD coder-decoder. 

-Boards B-10 to B-12 contain the logic gain control 
circuit, the digital integrator, the digital syllabic 
filter and the output filter of the 16kHz digital 
demodulator shown in Figure 3.10. 

-Boards B-13 to 15 contain the logic gain control 
circuit, the digital integrator, the digital syllabic 
filter and the output filter of the 19.2kHz CVSD digi- 
tal demodulator shown in Figure 3.11. 

-Boards B-16 to B-18 contain the logic gain control 
circuit, the digital integrator, the digital syllabic 
filter and the output filter of the 32kHz CVSD digi- 
tal demodulator shown in Figure 3.12. 

-Boards B-19 to B-21 contain the logic gain control 
circuit, the digital integrator, the digital syllabic 
filter and the output filter of the 38.4kHz CVSD 
digital demodulator shown in Figure 3.13. 

-Boards B-7, B-8 and B-9 work with the four 
delta frequencies and contain the holder from A to 
64 kHz sampling rate,the filter at 64kHz and the 
delta timing circuit shown in Figure 3.8. 

-Board B-5 contains the digital PCM compressor for 
the four PCM systems. 
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-Boards B-l, B-3 and B-4 are the interface boards. 

The PCM to delta part of the DDMC prototype is composed 
of 14 boards as represented in Figure 3.26. 

n^r-H« T-l T-3 and T4 are the interface boards. The 
"msf one Contains the analog circuit the clock rating, 
the pulse shaping and the phase-lock loop. The second 
™ has the channel words and counters to extract the 
channel inlormaSoi to be converted. The last one con- 
tains the framing detector. 

-Board T-5 (non existant) would have °°n^n^he inter" 
face between the A-law multiplexer and the DDMC. 

-Board T-6 contains the four expanding laws. 

-Boards T-7, T-8 and T-9 work with the four different 
delta frequencies and contain: 

it SSÄÄTIU. 8 to 65KHZ   ,T-8, 
ZZ  foiV.illft."1^ "KHz to the delta s*n- 
pling rate (Figure 3.9). 

-Board T-10 contains the 16kHz digital modulator CVSD 
circuit shown in Figure 3.14. 

-Boards T-ll and T-12 contain the 19.2kH2 digital modula- 
tor CVSD circuit as shown in Figure .15. 

-Boards T-13 and T-14 contain the 32kHz digital modulator 
CVSD circuit as shown in Figure 3.16. 

-Boards T-15 and T-16 contain the 38.4kHz digital modula- 
tor CVSD circuit as shown in Figure 3.17. 

mho Hoi-ailed circuit descriptions and drawings of each 
of the p^vioust^nUoSefboera, Ire presented in Appendxces A 

and B. 

; 
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A-f linear PCM converter 

CVSD 
MOD. 

B-22 

16kllz 

B-10 

16kHz 

B-ll 

16kHz 

B-12 

19.2kHz 
B-13 

19.2kH2 

B-14 

19.2kHz 

B-15 

32kHz 

n-16 
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32kHz 

B-18 

38.4kHz 
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DELTA 
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LOW-PASS 
FILTER 

B-8 

RECTIFIER 

B-7 

COMPRESSOR 
B-5 

FIGURE 3.25.- A-> PCM PPMC. 
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FIGURE 3.26.- PCM-& WJMC 
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L  TESTS 

In the following section the objective and subjective 
test results obtained with the DDMC prototype are presented. 

qj, nR.IFr.TlVE TESTS 

The following procedure is followed simultaneously for 
the four delta sampling frequencies, so that the dynamic range 
of the PCM and the delta modulation systems are coincident for 
any delta sampling rate. 

kJLL TF:ST PROCEDURES 

The set-ups used to measure the signal-to-noise ratio 
and linearity of the DDMC converter are illustrated in Figures 
4.1 to 4.4. ~ 

The following equipment is required: 

- A precise wave generator: hp 200CD. 
- A distortion analyser: hp332 A 
- Two RMS voltmeters: hp model 403B 
- Two oscilloscopes:  Tektronix 543B 

The test sequence is as follows: 

-1 PCM ->■ A DDMC 

-2 Delta back to back 

-3 PCM •* A analog conversion 

-4 PCM back to back 

-5 A -»■ PCM DDMC 

-6 A -•■ PCM analog conversion. 

ü.1.1.1. Pr.M * A mwc SET-UP 

Figure 4.1 illustrates the PCM -> A DDMC measurement set- 

up. 
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Wave 
generator 

Voltmeter 

Distortion 
analyser 

Analog in 

Ch-1 

XMT 

PCM multiplexer 

Filter 

DDHC 

CVSD 
DEMO 

FIGURE  4.1.-  CI/SO  -  VEMOV convzrulon    1ma.AuKe.1mnt i,e.t-ap 

A. Adjust the wave generator output power (Pin) to -Sdrni with a 
800Hz  test tone and measure P^ 

B With the PCM input power (Pin) at -35dbm, adjust the demodu- 
lator syllabic filter potentiometer so that the output is at 
P    -30dbm. 

4.1.1.2.    nFITfr rnnFC MFASIIRFMFNT SET-UP 

Wave 
generator 

Voltmeter Voltmeter 

FIGURE 4.2.-  A codec adju&tmtnt *e.t-up 
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A. Adjust the wave generator output P3 (Figure 4.2 ) so as to obtain 
the same value of Pj^ as in Section 4.1.1.1. 

B. Put the generator output power at P3 -30dbin and adjust the 
gain of the delta modulator so as to obtain P, - 30dbm at the 
delta demodulator output (The delta demodulator adjustment 
de in Section 4.1.1.1.B  should not be changed). 

U.I.1.3. Pr.M ^A ANAinr, r.QNVERSiQN 

TIN 

ma- 

WÄVE 
GENERftTOR VOXTMETER 

ANALOG 
';  IN 

6  o XMT. 

RCV 

xm' 

RCV 

AUALOG OUT 
JO- _  

'600: 

p3 CVSß 
Hon. 

\ cvsu 
ni:Mon. 

mSTOHTION' h 
AMPLIFIKU A;«ALY:WV1

J
. 

r 

OUTI'l'T 
FILTER 

FIGURE 4.3.- Analog  PCM to  & ccnvtMlon &e.t-up. 

Channel 1 transmits the PCM digital information»  this 
information is received on channel 5 for digital to analog con- 
version. 

A. Adjust the wave generator output power to -5dbm. 

B. Adjust the amplifier gain so that the output reconstituted 
waveform is at P, 

C. Measure the powers PA and P3 
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A. Adjust the wave generator output to P4 (P4 is approximately 
equal to P3). 

B. Adjust the wave generator output to P4 -30dbm. The analog PCM 
output should read P4 -30dbm. 
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FIGURE 4.5.- A-*- PCM analog  convmlon. 
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A  sampling  frequency 

16 19.2 32 38.4 

Power in 
db 

DDMC 
S/N     L 

Anal. 
S/N    L 

DDMC 
S/N     L 

Anal. 
S/N     L 

DDMC 
S/N     L 

Anal. 
S/N    L 

DDMC 
S/N     L 

Anal. 
S/N       L 

»10 22 10.5 22.5 10.S 

• 5 19.5 10.5 19.5 10.5 J9.; 10.5 21 10.5 22 10.5 23.5 10.: 22.5 10.5 22.5 10.5 

♦ 1 19.5 10.5 19.S 10.5 19.! 10.5 21 10.5 32 10.5 23.5 io.; 23 IJ.S 23.5 10.S 

0 19 10 18.5 10.5 20 10 21.5 10.5 24 10 24 io.: 23 10 22.5 10.5 

-5 20 7 21 6.5 20.! »7 !1.5 7 25.5 + 8 26.5 7.7 26.5 7.5 26.5 + 8 

-10 20 »2.3 19 1.2 21 • 2.5 !1.5 1.6 25.5 + 3 28.5 + 2 29 2.25 29 2.4 

-15 19.5 -1.5 18.5 -3.4 22 -1.5 22 -3 26.5 0 28.5 -2.; 29 •1.25 30 -2.4 

-20 18.5 -6 18.5 i-8 21 -6 !1.5 -8.2 27 -4.5 28 -8 29 5.7 30 -7.5 

-25 18.5 -10 17.5 -12.5 21.5 -10 !1.5 -12 26.5 -9 27 -12 28 10 29 ■11.7 

-30 16.5 -15.5 17.5 -16.5 20 -16 1.9.5 -16.5 25 14.5 26 ■16.5 26.5 -15 28.5 ■15.7 

-35 15 -23.5 16 -20.5 16 -23 19 -21 -22 -22 25 ■21 24.5 21.5 27 ■20 

-40 

-45 

TABLE  4.1 PCM A  convmlon  {V1] 

i 

A aampling  frequency 

16 19.2 32 38.4 

Power in 
db 

DDMC Anal. DDMC Anal. DDMC Anal. DDMC Anal. 

+ 10 17 2.5 20.5 -.5 19.5 4 23.5 0 21 ► 3 24.5 -0.5 21.5 + 4 26 -1 

+ 5 17 -5 -2.5 21 -4 22.5 -2.5 21.5 -3 27 -3.5 22.5 -4 27 -3.5 

♦ 3 17.5 -6.5 -4.2 24 -6 23.5 -4.2 24 -5.4 27.5 -5 24.5 -5.4 27.5 -5 

0 18 -9.5 -7.7 19 -9 24 -8 24.5   -10   , 28.5 -9 26 -8.7 27.5 -9 

-5 17.5 -15.7 -12 19.5 -14 24 -12    !24 •16 28 -13.5 26 -12 27 -14 

-10 17.5 -21.5 -16.5 18.5 -19.5 23 -17.4 !22.5 ■22 27.5 -18.5 25. -20 27 -18.5 

-15 -25 22.5 -20 18 -24 22.5 -22   jai.s ■26 26 -23 24 -25 26.5 -23 

-20 14.5 -29.5 20.5 -23.5 L8.5 •28 21.5 -26.5 |20.S •30 24.5 -28 21.5 -30 23.5 -27.5 

-25 11.5 -32 19 -25.7 L4.5 ■31 19 -30.5 20 •33.1 23 -32.5 19.5 -35 23 31.5 

-30 

-35 

-40 

-45 

TABLE  4.2. A * PCM convzK&lon  (PI). 
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.      ., ■mill 

' 
sampling frequency 

16 19.2 
rower inl 

db 

flO 

+ 5 

+ 3 

-5 

-10 

-15 

-20 

-25 

-30 

-35 

-40 

-45 

S/N    Lin    S/N 
 1      i  

20 

+ 16 

15 

+ 14.5 

+ 15 

+ 16 

+9 20 

+ 4 + 19 

Lin 

+ 9 

+4 

+ 2 + 18.5 + 2 

-0.5   +18 -1 

-6 + 19 -6 

-12 + 20 -11 
 \  
+14.5 i -14 

+13.5 ! -21 
 i  

+20.5  -14 

+16.5  -20 
-t- 

+11.5 -24.5 i +14 
i  

-24 

32 38.4 

S/N 

20 

23.5 

24. 

25.5 

27 

25.5 

23 

20 

15 

Lin  i S/N 

; 20 

4.5 24.5 

+ 2 25.5 

-1 28 

-6 

-11.5 

-17 

-22 

-25 

29 

28.0 

24.5 

Lin 

+ 4.5 

+ 2 

-1 

-6 

-11.5 

-1'/ 

22 

16 

-21 

-25 

TABLE  4.3.- Cl/SP modulatoK  -   dzmodalatoi back-to-back. 
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Power in 
db 

S/N Lin» 

+ 10 

+ 5 18 + 5 

+ 3 28 + 4 

0 28 + 2 

-5 27 -5 

-10 26 -10 

-15 24.5 -14 

r20 24 -18 

-25 22.5 -24 

-30 20 -27 

-35 17.5 -32 
  

TABLE  4.4.- PI   bacfe-to-bacfe 
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1 

!   * 

 r 
fi  sampling frequency 

16 19.2 32 38. » 

DDMC 
S/N  L  | 

Anal. 
S/N  L 

DDMC 
S/N  L 

Anal. 
S/N L 

DDMC 
S/N  L 

Anal. 
S/N  L 

DDMC 
S/N   1 

Anal. 
3/N  L 

r^    !    ! 1 SATURATION 

♦ 5      1 

SATURATION 
 1 1 r 

♦ 3 ♦ 19 ♦ 9 ♦ 19 ♦ 9 ♦ 19 + 9 + 19 + 9 20 ♦ 9.5, 19.5 9.5 + 20 + 9 19.5 9.5 

0 »20 ♦9 ♦ 20 ♦ 9 ♦ 20 <9 + 20 ♦ 9 21 9.0)19- 9.5 + 20 +9 19 9.5 

-5 »18 ♦ 7 ♦ 18 + 7 ♦ 19 + 7 ♦ 18 + 7 22.5 '7.5J20 7 + 23 + 7 20 7 

-10 + 15.5 ♦ 2 ♦ 15 • 2 + 17.5 + 2 + 18 + 2 24 ^2.5 23.5 + 2 + 26 + 2 25 + 2 

-15 ♦ 16 -4.5 15.5 -4 + 18 -4 18 -3.5 26 -2.5125 -4 + 26.5 -4 26  -4 

-20 ♦ 15 -10 ► 14.5 -8 + 18.5 -9 18 -8 25 •8  124 -9 + 25 -10 25 -9 

-25 ♦ 14 -16 '14 -14 + 18.5 -15 18 -14 23 -14.5,23 -14.5 + 24.5 -16 24.5 -14.5 

-30 ♦12 -22.5 + 12 -18 + 16 -20 + 17 -18 22 -19  22  -19 + 23 -19 23 -19 

-35 ^-TT ■28 ♦ 10 -24 + 13 -26 ♦ 12 -24 17 -25 18 1-24 19 -24. !19 -23 

-40 
    

-45 . 
1 

TABLE  4.5 PCM A  convzMion      (TD968). 

A «aropling frequency 

16 19 2 32 38 

 T 

.4 

Power in 
db 

DDMC 
S/.J   L 

Anal. 
S/N L 

DDMC 
S/H  L 

Anal. 
3/H  L 

DDMC 
S/N  L 

Anal. 
S/U      L 

DDt 
S/N 

IC 
L 

Anal 
S/N L 

+ 10 19 1.5 19 0 20 + 2 20 0 20 + 2 20 0 20 + 3 20 0 

'S 16.5 -7 16.5 -5.5 19 -6 19 -5.5 24 -6 24.5 -6 24.! -6 25 -6 

+ 3 

0 16 -12 16 -10 19 -11 19 -10 27 -11 27 -10.5 28 -10 28 -10.5 

-5 16.5 -17 16.5 -15.5 20 -15.5 20.5 -15.5 26.5 -16 26 -16 29 -15 29 -1:6 

-10 18.5 -22 18.5 -21 20.5 -20 +20 ^?0 26 -20.5 25.5 -21.5 28 -19 27 -21.5 

-15 14 -27 14 -26 18 -24 18 | -25.5 23 -25 22 -27 25 -23.5 23.S -27 

-20 11.5 -32 11.5 -31 16 -27 16 1-33 H h29 18 -33 22 -28 18 -33 

-25 8 -35 9 -35 14 -31 13 -35 17 ^-32 13 -40 18.< -31 13 -40 

-30 . 

-40 _ 

-45 
„ 

X . 

TABLE  4.6.-   A ■*  PCM  convzMlon.     (TD9&8). 
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     ~           ^ 

Power in 
db 

S/N Lin, 

+ 5 24 + 6 

+ 3 38 + 4 

0 38 + 2 

-5 38 -3.5 

-10 37.5 -8 

-15 36 -13.5 

-20 32 -18 

-25 28 -23.5 

-30 23 -28 

-35 18 -33.5 

Table. 4.7.-  PCM modulatoi-dzmodulaito*. back-to-back   ITP968), 
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FIGURE 4.8.- CVSV   back-to-back. 

•«0 -30 

FIGURE 4.9 PCM iyttm   back-to-back. 
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y 
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FIGURE 4.I0A.- PCM-*A digUal convzulon. 

u 

FIGURE 4.7Ö8.- PCM-+A ana£og conveAA-cow. 
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A.  Adjust  the wave generator output to P.  and adjust the ampli- 
fier gain so as to have Pn at the output. A 

*l.2 RESULTS 

The S/N ratios were taken with the D-l PCM multiplexer 
and the TD968. The DDMC prototype working in connection with 
the D-l system was tested in the University de Sherbrooke 
laboratories. The DDMC working with the TD968 was tested at 
RADC Laboratories. 

4.2.1. DDMC-DI RESULTS 

Table 4.1 shows the S/N and linearity results for PCM to 
delta analog and digital conversion (DDMC) at four different del- 
ta sampling frequencies. Figure 4.6 resumes Table 4.1. 

Table 4.2 is similar to Table 4.1 but for delta to PCM 
conversion. Figure 4.7 resumes Table 4.2. 

Table 4.3 gives the CVSD back-to-back S/N ratios and 
linearity. Figure 4.8 resumes Table 4.3. 

Table 4.4 gives the Dl back-to-back S/N ratios and linea- 
rity. Figure 4.9 resumes Table 4.4. 

4.2.2. DDMC-TD968 RESULTS 

Table 4.5 and Figure 4.10 show the S/N ratio figures and 
linearity of the PCM to delta analog and digital conversion at 
16, 19.2, 32 and 38.4kHz delta rates. 

Table 4.^ and Figure 4.11 are similar to Table 4.5 and 
Figure 4.10 but for delta to PCM conversion. 

CVSD back-to-back: Table 4.3/Figure 4.8. 

Table 4.7 and Figure 4*9  show the S/N ratio of the 
TD968 back-to-back. 

4.3. SUBJECTIVE TESTS 

The most used criterion to assess the quality of voice 
communication svstems is the value of the S/N ratio with test 
tones.   Nevertheless,  the characteristics of 
sine waves and speech signals are different and one can wonder 
if it is fair to compare, on that basis, analog and digital 
systems since they present various types of noises, each affec- 
ting the signal differently. We believe that subjective tests 
appear to be more suitable especially for evaluating digital 
equipment. 
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Among the main concepts-intelligibility, preference, ar- 
ticulation index-used to subjectively rank-order communication 
systems, we have chosen intelligibility. 

U.^.l. INTELIIfilBILITY TEST 

The most discriminative intelligibility tests have mono- 
syllabic words or nonsense syllables as stimuli. The best known- 
Harvard P.B. Word Test, Modified Rhyme Test, Consonant  Recogni- 
tion Test- were conceived for the English language. The material 
of our test consists of 660 French sound monosyllables with or 
without significance, divided into ten equally difficult lists. 
This basic material is presented in Figure  4.13.       The 
test is based on the identification of either the initial or 
final consonant phoneme. 24 different test sheets similar to 
the one shown in Figure 4.14 are used for the test. A long 
training period for the listeners is not needed. Each list is 
read by eight different speakers, which increases the sensitivi- 
ty of the test. The set-up used to run the test experiment is 
shown in Figure 4.12. 

TAPE 
RECORDER 

SYSTEM 
UNDER 
TEST 

TAPE 
RECORDER rb 

4 LISTENERS 

8 SPEAKERS 

FIGURE 4.25.- Subjtctivz   tz&t iU-up. 

U^.7.   RESULTS 

The reference is a direct voice recording and the intel- 
ligibility score of this material is 93%. 

Tables 4.8 and 4.9 show the intelligibility scores for 
each system tested. The TD-968 PCM multiplexer is used for tes- 
ting. 

PCM to delta conversion 

delta sampling rate 

16 K 19.2K 32 38.4 

DDMC 82% 84% 89% 89% 

Analog 77% 80% 85% 85% 

TABLE 4.*.-  JntMlglblllty tcoia, 
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lipe lime lite libe ligne line life ligue lige lile lipe lime 

jute jude juche juse juge jule jure jupe jube jule jure jugue 

lint Kuiue lave lace lare lape lade lame late labe lav»? labe 

11 gne t i f« tile tisse tlse tiche tige tire tipe tlnp tiche tisse 

rore roc he rosse rope robe rome rote rone rogue rogne rome rope 

c luche coule coure coupe coute coude doune couve cousse couse coune coule 

brige bribe brime brite bride brique brigue brive brisse brise bride brigue 

tule ture tube tuse tune tume tuque tugue tuve tude tube tude 

dame date dade daque dague dace dave dage dache dale dace dade 

pftque p6gne pfibe pise pftche pftge pfire p§de pete pSne pede p6se 

rafe rave race rare rape rabe rame rate raque rague rate rame 

touse touche toupe toure toube toute toude toufe toune tougue toure toufe 

vire vide vine vigne vique vife vice vile vive vime vigne vive 

lambe lante lanque langue lanfe lanre lanche lampe lande lange langue lanche 

brete brogue breche brftge br6me brftle brftse brftbe brefe breve breche br6fe 

frime frique frire frife frile frite frive frige frise friche frite frique 

mugue muque muge mune mule mugne muse mude mure muce mugue mugne 

conve conce confe conde conge combe compe conque congue conte confe conce 

rude rupe rune rule ruche ruse rugue russe rume rure russe rune 

sfeche sfefe seze sftque sfene s6ve s6me s6che segne sepe seque sene 

singe simbe sinde sinve sinre simpe sinte sinfe sinque sinse simbe sinre 

saule saune saute sauge sauve sause sauce saume saure saufe sauge sauve 

trache trape traque trave trace trane träfe trale trage trame trape trache 

r&ve röce rfele rftme rftfe rfeche r6gne r6se rene r6que refe reie 

douce douve douche doube doume doure doupe douze doule doute doume doute 

nague nase nape nate nave nafe nane nasse nabe nache nase nate 

rique eise clfe cide cipe cisse die eigne sime cive cive else 

lofe löge lome lone loce logue lobe lote loche loque lone loge 

rampe range rangue ranfe rante ranque ranre ranche rambe rande ranre rangue 

"abe vane vase vague vage vale vache vaque vade vare vaque vage 

crone crfeme crftgne crfeche crfide crftve crebe crCpe cr61e crege creie cr6pe 

dise dire dige dile digue dlde dique dibe dife dipe dise dibe 

l§ce leie Ifive lerne leque lege ISne Use lefe lege legue leque 

FIGURE 4.I3B.-  Second catZQOfiyi     fa<ux.c huti ll6t 
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Delta to PCM conversion 

delta sampling rate 

16K 19. 2K 32K 38.4K 

DDMC     84% 87% 88% 89% 
 . 

Analog 88% 88% 90% 90% 

TABLE  4.9.-   InttlUglblUty &cofiz. 

U.U.   r.QNCLUSIQN 

From the S/N ratio tests  the DDMC -Dl-PCM to delta 
conversion is equal to the analog conversion, but the DDMC-Dl- 
delta to PCM conversion is not as good as the analog conversion. 

The objective (S/N) tests on the DDMC-TD968 show that 
the digital conversion is equal to or better than analog conver- 
sion in both directions. 

This difference can be explained by the difference which 
exists between the theoretical compression-expansion law of the 
D-l (M-100) and the approximate law found in the D-l multiplex 
equipment (see section 5.3.2.). 

The subjective tests made on the systems connected to 
the TD968 do not correlate with the objective tests results. 
Intelligibility scores indicate that the digital PCM to delta 
conversion is preffered over the analog PCM to delta conversion. 
From delta to PCM the preference is reversed. 

The intelligibility scores obtained indicate that we 
have high quality systems and in such a case it is difficult to 
conclude that one system is better than the other when there is 
only a difference of a few percentage points. We then conclude 
that the digital conversions give the same voice quality as the 
analog conversion. 
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q. piVFRRF rnNSinFRATIQNS 

This section deals with, on one hand, the utilization 
of the conversion principle for the realization of a multiplexed 
24-channel converter and on the other, with the possibilities and 
limitations discovered during the research for the present con- 
tract. 

§J [^|TTPIFy r.QNVERTER 

Several digital filter design techniques are possible 
in the realization of a converter:  serial or parallel arithme- 
tic, microprocessor.  The serial technology was used in the re- 
alization of the uni-channel converter.  Because of the circuit 
operating speed it would be possible to convert five(5) channels 
instead of one by changing only the clocks and the memory size 
of the prototype.  Thus, five uni-channel converters could be 
used as a multiplex 24-channel converter. Considering the fact 
that the cost of a uni-channel converter is approximately $2500 
(components only), the cost of a multiplex converter would be 
$12,500, a cost which is considerably lower than that of a 24- 
channel PCM-D-1 multiplexer.  In regard to bulk and weight, five 
uni-channel converters are the equivalent of a D-l multiplexer. 

With parallel arithmetic or a microprocessor (ROM) the 
operation time is reduced and, inversely, more operations can be 
done in a given amount of time. However, the lower the operation 
time, the higher is the cost.  It follows that the advantages of 
parallel arithmetic or of a microprocessor over series arithme- 
tic are more on the level of bulk, weight, size and of mainte- 
nance thah that of cost.  In general, the DDMC will cost less 
than an analog conversion since the cost of a numerical conver- 
sion must be compared to that of two conversions in the analog 
case, that is;  PCM t  analog, analog X  A, 

S.? FUTURE APPLICATIONS 
In addition to the PCM -*-A conversion done for reasons 

of network compatibility, the conversion technique can be used 
for compression.  In this sense, PCM information sent at a 64 
kbit/sec rate can be sent at a 32kbit/sec rate in A, using the 

PCM -A conversion. Moreover, use of a TASI system could further 
reduce the information rate from 32kbit/sec to 16kbit/sec. The 
inverse process would permit to reobtain the PCM signal at a 
64kbit/sec rate.  Thus, a 64kbit/sec PCM signal could be trans- 
mitted at a 16kbit/sec rate without significantly deteriorating 
its subjective quality. 
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S^J   PnRRlRIF   IMPROVEMENTS 

5JJ MHITIPLIERS 

In the prototype all the digital multipliers found in 
the digital filters are constructed using a pyramid structure of 
adders which requires in the worst case, N - 1 adders by coeffi- 
cient (figure 5.1). 

( 

N-1 stages 

N-1 adders 

F-tgu/ie 5.1.- Multiplication utlng pyKamld 
■ittLuctaKt oi addzfL*. 

In this method there is a truncation error at the output 
of each adder. The total error is not necessarily negligible. 

The pipeline multiplication method illustrated in figure 
5.2 does not have the disadvantages of the preceding technique. 
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do Qi 

Hbnl  Et-t— 

aN-2 QN 

4-0- -i 
H 
&y 

*  F denotes Flip flop. 

flgaie.  5.2.-  Se/iXa£ Vipzllm Maltlplle.*.. 

Let A and B be two N-bit words.     The circuit carries out 
the  following computation: 

[b0bi     bN_2 bu-i]    X    [»©•I   ...   aN-2  aN_iJ = 
aN-l     [bObl bN-2  bN-l]        +      aN-2   [ bObl   •••   bN-2  bN-l] 
+ aN-3    [bobl   •••  bN-2 bN-l]    +  ...  + a0    [ bobi   ...  bN_2 bu-ij 

where 

[aN_i + a:>1_2j  [bobi ... bN_2 bn-ij 

is the first partial sum, 

[aN_i + aN>2 + aN-3 ]  [ bobl ••• bN-2 bN-l] 

is the second partial sum, 

[aN-l + aN_2 + ••• a0 ]  [bobi ... bN_2 b^-i] 
is the (N-l)-th partial sum. 

The N most significant bits of each partial sum above 
are obtained at the outputs of the N adders and stored in the 
flip-flops at the shift times of the register which contains A. 

The N first output bits are neglected if the desired 
result is truncated to N bits. A zero reset of the flip-flops 
precedes each multiplication. 
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E rTFf|FRAi rfmusiON 
The objectives aimed at in this second phase of this 

R & D contract on a direct digital modulation converter were 
twofold: 

1 Design a one channel converter which converts a CVSD 
code at 16, 19.2, 32 and 38.4kHz into D-l, TD968 or 
D-2, TD660 and European A law PCM multiplexers and 
vice-versa. 

2. Build a prototype of such a converter, that will give 
at least as good a quality as the existing means 
(analog) of conversion between these two digital 
formats. 

The reader can notice that these objectives were met: 
this is a breakthrough in this field since this is the f"8*; 
totally digital device of its type completely designed and built. 

It is to be noted that, since the prototype is limited to 
a single channel, serial operation was used. If ^l^P^"^ U 
studied, some subsystems might be shared by several channels. We 
believe that the approach then taken should be parallel instead 
ofserial This woSld result in an increased sharing of components 
and a corresponding decrease in the cost per channel. 

The first section of this report deals with the theoreti- 
cal aspect of the problem and in this respect is an ^tension of 
the Dhase I report. The computer simulation of the CVSD code, 
Se optimization of the parameters of the DDMC (gain adaptation, 
filters, etc..) are presented in detail in this section. 

The overall implementation structure is presented in 
chapter 3 in order to allow the reader to follow through the 
main subsystem operations of the DDMC. 

The detailed circuit description    presented in Appen- 
dix A    gives the entire analysis of the implementation stra- 
tegy and technology. 

The circuit drawings associated with the circuit descrip- 
tion, are presented in Appendix B. Appendix C gives a complete 
component list. 

The objective and subjective evaluations show that 
the DDMC performs as well as the analog conversion. However the 
MMC-Sl-delta to PCM conversion is not as good as the analog con- 
verSioi This is due to the discrepancy between the theoretical 
M-IoHiw built in the DDMC and the analog approximate M-100 law 
existing in the Dl-channel bank. 

I 
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The actual DDMC prototype built for a single channel 
could be modified to take care of five(5) channels by changing 
?Se clock circuits and by lengthening the digital filter memories 

A better signal-to-noise ratio could be obtained by 
using "pipeline" multiplier technology instead of the pyramidal 
multiplier technology. 

The DDMC could be used as a rate compressor if combined 
with a TASI system.  That would permit to obtain a compression 
facto? of four(4) without serious degradation of the subjective 
quality. 
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APPENDIX A 
DETAILED CIRCUIT DESCRIPTIONS 

This appendix treats two main topics:  «*f * ^.^ift 

descriptions of the delta to PCM converter, second the circuit 
descriptions of the PCM to delta converter. 

in each case the circuit board will be described as part 
of a function (interfaces, expander etc.). 

To understand each board description it is necessary to 

are often in brakets. 

cmK^i "RRX" associated with the circuit number of a full 
adder rÄ^?.'Ä^ («) and „ is the flip flop c.r- 

cuit number. 

A.] HFITA TQ Effl INVERTER 
rt*  delta to PCM part of theDDMC prototype is built with 

21 boards which can be divided into five different parts. 

-the CVSD coder 
-the digital delta decoder function 
-the common delta to linear PCM functions 
-the compressor function 
-the interfaces. 

A. 1.1. TH^ rvsn CODER 

The CVSD coder is built with the CVSD decoder on board 

labeled B-22. 

The CVSD coder-decoder circuitry design was described in 

section 3.1.1. 

- 

- 
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LLLL ROARH E=22 PF^RIPTIQN 
The four delta frequencies are generated on this board. 

Gates N42fci? and potentiometer R27 provide a 32kHz frequency 
Shich is divided by 2 through flip flop N27 to give the 16kHz 
frequency? Gates N28, C16 and potentiometer R28 provide a 
™ 4kHz freauency whiih is divided by 2 through flip flop N27 to 
•:i^Li|q2kH' frequency. Gates N20 allow the chosen L  fre- 

^^crtfroAt'^neirtro^rate the CVSD and the DDMC by FAl and 
FA2. 

CVSD back-to-back). 

Potentiometer R30 adjusts the attenuated <R29) level of 
the decoder Suiput before feeding the headphone through the top 
jack of the telephone set (front panel). 

Amplifier N24 adjusts (R33) the voice amplitude coming 

supplied by -15V and R31, C18. 
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fi,],?,   THF niniTAL DEITA DFrODFR FUNCTION 

A.I.?.I. mmm mMimmm 
The digital CVSD decoder is made of: 

-an open loop dölta circuit identical in its principle to 
?he one presented in the PCM to delta converter sectxon 
(A 2 4 1). The only difference lies in the logic gams. 
The integrator and the syllabic filter being identical 
in both directions. 

-a 6th order elliptic filter. 

The implementation of the various coefficients requires 
adders, control gates, shift registers and flip flops (as men- 
tioned in Section 3.2.2.4). 

For each delta frequency a digital CVSD was built. Each 
one of these is composed of three boards: 

-The first board contains the open loop delta plus the 
signal wires fron the integrator to the 6th-order filter. 

-The second board contains the first part of the digital 
filter which is the shift registers, the control gates 
and the adders needed to build "P the filter coefficients 
of this part of the filter plus the other filter coef- 
ficients. 

-The third board contains the second part of the digital 
filter or two shift registers, adders and gates, the 
clocks needed to operate these functions. 

In order to simplify the second and third board descrip- 
tion, we will use the following notations for the 6th-order  fH 
ter presented in Figure A.l. 

FIGURE A.J.- fUtzx contalnzd In boand*,  B-H, B-I2, B-J5, B-I6, 
B-I«, B-I9, B-20,   B-2I. 
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A. 

A.1.2.2. BOARDS B-1Q TO B-21 DESCRIPTION 

A^L2.2.1. BOARDS B-1Q. B-13. B-16 AND B-19 

LULX  THE COMMON DELTA TO LINEAR PCM FUNCTION 

This part is composed of three boards:  B-7, B-8 and B-9; 
its main function is to provide a 8kHz linear PCM information at 
the compressor input. 

It contains: 

- 64K and 8K timing, counter and gate control circuits. 

- Holder circuit and a 64kHz filter. 

- Delta counter. 

A.1.^.1. BOARD B-7; 6^K AND 8K TIMING AND CQUNTFR ANH 
GATE CONTROL TOWARDS THE COMPRESSOR 

This board is composed of timing and gate controls.  The 
shift register (N31, N32, N33, N34, N35) is the 64kHz counter, 
reset on impulse M2, created on each negative edge of the 64kHz 
frequency, by flip flop N.18 and R2, C2.  It is filled with ones 
up to the value 19 of the counter by means of the serial clock 
of the shift register (N.30). 

This counter creates the signals 64Sx (singal Sx defined 
in 3224 relative to the frequency 64kHz) necessary to the 2nd- 
order filter, as its serial clock CS121 (N.127) and the serial 
clock CS (N28, N30) necessary to the input register of the com- 
pressor board B-5. 

The 8kHz is synchronous and in phase with the 64kHz fre- 
quency.  The inpulse »| is created on the 8kHz by flip flop N26, 
Rl, Ci, anc variable V which detects the first period of the 64kHz 
(relatively to the 8kHz) is created by flip flop N18 (see timing 
diagram A.2).  MA, the impulse relative to the delta frequency, FA, 
is created by flip flop N22, R4 and C4. 

The two clocks CW and CR necessary to the holder (B-8) 
are created by flip flop N26, R3, C3, Cc inverters N24 and N25 
and gates N27. 

The second part of this board deals with the operations 
necessary before entering the compressor Recording to the different 
PCM laws.  When, in A or M100 laws, the binary word output from 
the 2nd-order filter has to be rectified through flip flop 117 and 
gates N13, N15 by means of the sign S, memorized in flip flop N10. 
In M255 law, the value 16.5, transferred on each Mi in registers 
N19, N20, is added in N21 (BR12) to the rectified word. 
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When in TD660, the binary output of the filter has to be 
multiplied by 1/12.185 (0.000.10101) by means of adders N5 (BR19), 
N6 (BR6), gates N3, N4 and then rectified through flip flop N7 and 
gates N14, N15 before entering the compressor.  (See Appendix F). 

To prevent an overflowed value from entering the compres- 
sor, an overflow test is performed.  In A, M100 and TD660 it is 
done at the output of the second order filter by comparing the 
identity of the three most significant bits (N.30, N2, N3).  The 
result of the comparison is stored in flip flop N9. 

In M255, this test must be performed after having added 
16.5, to see if the maximum value is reached. The last three 
impulses of clock CS123 (N29) are inhibited or not by the adder's 
output (N27, gate Nil) so that the flip flop N12 does or does not 
count an overflow. The outputs of flip flops N9 and N12 do or 
do not allow an impulse (N29) through gates Nil.  The overflow re- 
sult, called DE, is sent to the compressor board. 

A. 1.3.2. BQARn R-R« HOLDFR ANT) 6^KHZ DIGITAL EILTER 

This board permits to enter every binary word of each 
delta demodulator at the delta frequency, and to filter them in 
the second order filter at 64kHz. 

The selection of the incoming bit  stream and associated 
serial clock of the shift register (N3, N4, N5, N6) is made 
through gates N2 and N9. The clock CW built from FA writes this 
binary word in the buffer made of register N10, Nil, N12, N13 and 
the clock CR built from 64kHz reads the buffer content, in shift 
registers (N17, N18, N19, N20). 

This shift register is the input of the 2nd order filter 
composed of two registers (N22, N23, N24, N25, N26, N15, N16, N21, 
N14) and principal adder N7 (BR34).  Outputs Q2 {N14) and Qi(N26) 
are gated through N32 and N31 to adder N35 (BR34) as the outputs 
Q3(N25) and Qi(N25) to adder N33 (BR30). The filtered words are 
added in circuit N28 (BR27) and the output feeds back the prin- 
cipal adder.  The sign bits of the two words are memorized in D 
flip flops (N30, N27). 

A.I .3.3. RfURn R-q. HFITA rnilNTER FROM DELTA TQ PCM 

This counter is composed of shift register N2, N3, N5, 
N6, N37, N38, N40, N41 .  It is reset on an impulse MA created on 
each negative edge of the delta frequency FA (N25, 27) and it is 
filled with logic ones with the serial clock of the shift regis- 
ter stopping on the value 30 of the counter (N27). 

FA and fast clock CF2, are independent.  Every Sx has the 
value 0, up to the value x of the counter and 1 up to its reset. 
The timing diagram is presented in Figure A-3. 
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FIGURE A-3.- Timing  diagram  of, 
dztta. coanttijde.lta. to  PCM. 

liAM.  THE qnMPRFssinN FUNCTION 

This compression function from linear to different com- 
pressed PCM characteristics is done by one board (B-5). It con- 
tains four compression laws the M100, M255 or TD968, A, and 
TD660. 

AJ.U.I INPUT GATES (Ml). 
The PCM bit train can come from four different sources 

according to the compression law (M255, A, M100, or TD660). A 
four-position switch (1,2,3,4) enters a "1" in one gate and 0 
in the three others. 

yjy INPUT mmm (m- iL m' ^ N:in) 

It is a 12 bit register usually controlled by a serial 
clock which gives 12 impulses per frame. If there is overflow 
af?er loading (tested on another board), the registers pass to 
parallel control (the overflow information appears on DE) and 
"l^s are loaded in the 12 register positions. 

LLAJLL 8KH7 nncKS  (N?. M 
Four 8kHz clock signals are needed: 
A) Parallel clock of the work register -C2. 
B) Mode control of the work register. MC.       mnccn\ 
C) Counter zero reset impulse -R0 (except for law TD660) 
D) Impulse for the work register serial shift and for tne 

the incrementation of the counter for laws A and 
M100 only. 
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These signals are obtained with two set-ups similar to 
the one in Fiqure A.4 mounted in series 

KHZ»   |  

U" 

. "LT 

±- 

FIGtlRE A. 4.-   JmpaUz ge.ne.fiatoi 

The signals are of  the  form indicated in Figure A.5 

i- 

80 
t 
ns 0   2 0  40  60 

FIGURE A. 5.- Timing  dlagfiam. 

CF and the 8kHz are synchronous but their phase is ill- 
defined. Therefore, the case where a CF trailing edge occurs 
too soon after (or at the same time as) an identical 8kHz edge 
must be avoided. 

For this reason, at each 8kHz trailing edge, the A 
flip-flop is reset to zero. The first CF impulse cannot there- 
fore be gated to the work unit since Q=l. Q will however become 
equal to "1", opening the gate and blocking it in this position 
until the next 8kHz trailing edge. 

88 

..." : ;_._.._... . 



•vm-tmiiKk-*"   -i ■ - ■*™*wf?>y*tK}v 

r 

In law TD660 (4), the flip-flop is constantly blocked at 
zero by its reset in order to prevent sending the fast clock in- 
to the work unit. 

OAJL-mK-BFfiiSTFR (NIL m, N13) 
It is initially charged in parallel by the input regis- 

ter. Its contents can be shifted by impulses acting on the se- 
rial clock (Cl) , coming from the central unit • 

A.I.U.S. WORK UNIT (N28, N1(L N19. N2Q) 

In law M255 (1"1) , the 7 most significant work register 
bits are tested.  If at least two of them equal "1", two impulses 
are emitted. The first one HC will increment the counter, the 
second one HS shifts the register contents toward the less si- 
gnificant bits. 

In laws A and M100 (2 or 3 =1), the operations are iden- 
tical except at the beginning of each frame. First, the con- 
tents of the register are shifted (impulse d) in the clock sec- 
tion.  A unit counter is also incremented if at least 1 of the 
7 most significant bits equals "1". 

In law TD660 (4=1) , impulse HS is blocked (it is unneces- 
sary to block HC since the counter is blocked at 0). 

ft.l.Ü.fi. rniiNTFR (N28. N35) 

It is reset to zero at the beginning of each frame by a 
reset impulse (impulse C) in the clock section) for laws M255, 
A and M100.  In law TD660, it is blocked permanently at zero 
again by its reset. 

A.I.Ü.7.  MEMORY .ATFS  (N?R. WT. MBU N33.  ML MQ) 

Depending on the law, M100 or TD660, the memory does not 
receive the same information coming from the same points which 
makes it necessary to gate each memory input. 

Q.l.q.S THF MEMORY (N31) 

It is supplied by +5v and -9v . The latter is created 
from the -15v by a zener diode (CR2).  CRl, which has a higher 
power rating, conducts only when CR2 is short-circuited, thus 
protecting the memory until breakdown of CR2 (open circuit). 

Addresses 0 to 127 are used for law M100, those from 132 
to 211 (A7 = l for law TD660) .  Addresses 212 to 255 contain the 
same information as address 211 (namely 31) in order to avoid 
overflow. 

•>: 
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It must be noted that memory fan-out is 1. 

They  permit to output with 7 wires regardless of the 
law by always taking the least significant bit (B8) as referen- 
ce. 

LLli   THf kl  m   INTERFACES 
The interface circuits permit the connection of the con- 

verter output with real PCM channel banks. Those circuits provid- 
ed the interfacing of the D-l, D-2 or TD968 with the TD660 multi- 
plexers.  Three boards are used for interfaces:6-4, B-3 and B-l. 

The selection of the PCM channel is done on board B4 by 
strapping oneCHN, 1 <N< 2 4 with the    CHN wire (see Section 
A.1.5.1.4) this board also generates all the clocks needed for 
boards B-l and B-3 as well as the DDMC master clock. 

Board n-3 transforms the parallel PCM into serial PCM 
information. Board B-l permits the various PCM channel bank ope- 
rations. 

A.I.S.l. BOARD B-^ 

This board generates all the clocks for boards B-l and 
B-3 and the master clocks for the DDMC. 

The selections are made with a switch located on the 
front panel, to- obtain the function Dl, TD660, TD968 or A. 

-Position 1 is the TD968 command 
-Position 2 is the A law command 
-Position 3 is the Dl   command 
-Position 4 is the TD660 command. 

A.I.S.I.I MASTER  CLOCKS 

The square wave clocks are needed to correspond to 
each PCM system: D$lt  D<J)2, and D(J.3 (Figure A.6 p. 96). 

For the D 1 multiplexer, D^l is created by an oscilla- 
tor composed of gate 29 and the crystal XI (Frequency 1.544MHz). 

For the TD660, D(fi2 is created by gate 30 and is adjus- 
table by the potentiometer P2 (frequency 576KHz). 

For the TD968, D<|)3 is created by gate 37 and is adjus- 
table by the potentiometer P3(frequency 768KHz). 
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The result of the selection by gate Nl gives one of the 
three clocks (D(|> which is either D*l, 2 or 3). 

External clocks (D^T or D<j)3T) could be connected (by 
a strap on the board) instead of D^2  or D<ti3. 

LLLLl   nTr-IT COUNTER 
It is a sign counter composed of shift registers N2 and 

N3 and flip-flop N5. 

The trailing edge of D* shifts a "1" in the counter. 
The return loop (circuit N4 and N12) permits a count by 8 or 9 
for the Dl, 8 for the TD968 and 6 for the TD660 system. 

A parallel loading order is sent to the digit and chan- 
nel counter if a wrong load is detected by gates N9, N10, N29 
and N39. 

The digit counter generates all the signal Dl, D2, D3, 
D4, D5, D6, D7, D8, D9, DF and CS2 (1.4) (Figures A.8, A.13 p.97 
and p. 102) Dl through D9 are the time positions of the code bits 
and of the frame bits (Figures A8, A.13 p. 97, and p. 102). 

kd&lA, CHANNEL COUNTER 
It is a ring counter composed of registers N16, N17, N18, 

N19, N20, N21. 

A count by 12 (TD968, TD660) or by 24 (Dl) can be done 
by the return loop (circuit N15). 

The counter is operated by a serial clock CS2 (see 
Section A.1.5.1.3.). 

As for the digit counter, circuits N38 and N40 check the 
loading of the channel counter and order a parallel operation 
in the case of wrong loading. 

Signals CHI through CH24 are high during the time inter- 
val 1 to 24 corresponding to the PCM channel (see Figures A.8, 
A.13;p. 97 and p. 102) . 

These signals are at a 8kHz rate. 

A^.S.I.ÜFRAME COUNTER 

DF is the frame bit position, this position being varia- 
ble with each PCM multiplexer. 
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Dl OPERATION. 

When the channel counter is in the 24th position and 
when the digit counter is in the 8th a frame signal FRl is genera- 
tod by *.iate N33. 

This signal FRl is high during the frame digit dura- 
tion. 

TD660 OPERATION. 

As above FR2=(CH12).(DF) , where DF is the 6th posi- 
tion of the digit counter and CH12 is in the 12th position of the 
channel counter. 

TD968 OPERATION. 

The framing pattern is set every 12 frames (on frame 
1).  Thus a divide by 12 counter (circuits 32, 35, 41) generates 
a sianal F3 at logic level "1" when it is the frame 1.  The si- 
gnalling bit is set on frame 6.  Thus the framing counter genera- 
tes SIG3 for frame 6 in the same way as F3 was generated for 
frame 1. 

A.1.5.1.R.PMASF IQCK LOOP OSCILLATOR 

This oscillator (circuits N14, N5, N13, N6) generates 
CF1 CF2, 8K and 64K synchronous with the loading signal (CH5+CH6) 
of the channel counter.  (CH5+CH6) is chosen to have a pulse lar- 
ger than 10MS in every case and to provide a delay for the com- 
pression board B5. 

Since as the 8KHz clock of B5 is CH2, the delay bet- 
ween 8K and CH2 is 8 channel durations (at least 100 ys). 

lULJLLli A IAW OPFRATIGN 
In the A law position all the counters work as for 

the Dl with the master clock DQl. 

This permits to get all the signals needed for wri- 
ting and reading PCM data. 

A,1,5.?. BOARD B-3 
This board transforms the parallel PCM (Leads called 

PDAG to PDAG) into serial PCM, DQ1, DQ2, DQ3 according to the 
table below: 

the DQ signals 
are in the DDMC 
code (See Figure 
A.7 P.97) . 

01 TD968 TD660 

Serial 
Output DQ2 DQ3 DQ1 

92 

^^^^JJ^äJ^n.vblkli.a*. .  ..J,.^... . v- . ;:-l..-.^-.^s..-:^~:Ar„^ . ,  ,■■,■■■■ ■,,■■■:  ■■-  ^   



I 

^■...,:-, ..,.. . .. . . 

A.1.5.2.1 BUFFER 1 

This board receives the parallel PCM data, PDAO, PDA1, 
PDA2, PDA3, PDA4, PDAS, PDA6 from compression board B5 which re- 
presents the amplitude of the signal in the DDMC code. 

Those data are stored (clock CH9Da) in shift registers • 
N12 and N13 through gates N9, N10, Nil according to the following 
table: 

CIRCUIT N OUTPUT Dl TD660 TD968 

N 12 PDAO PDAO PDAO 

N 12 PDA1 PDA1 PDA1 

N 12 PDA2 PDA2 PDA2 

N 12 PDA3 PDAS PDAS 

N IS PDA4 PDA4 PDA4 

N 13 PDAS PDAS PDAS 

N 13 Q. PDAS PDA6 

N 13 PDAS 

PDAS is the sign of the signal after the buffer SO. 

A.1.5.2.2. ZERO r.QDF SUPRESSOR 

-Not used for TD660 operation. 

-When the code 11111111 is detected a zero is subsitu- 
ted for the least significant bit through gate N40. 

In TD968 operation, only the precedent operation is 
done on the digit D7 if the channel is in a framing or a signalling 
frame (signal FS or SIGS at logic level 1) by means of gate S9. 

The zero code detector is composed of gates N21rN28fN35. 

A.1.5.2.3 BUFFER 2 

The data are entered into buffer 2 (circuits N26, N27) . 
The parallel clock is inhibited by CHN to prevent writing during 
the channel N chosen for transmission. 

The serial clock is a 5,6, or 7 perio<#square clock 
created by gates Nl, N16, NS1, NS7, NS8. (see length of the 
words. Figure A.6 p. 96 ). 
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5.^. ^.OARD B-l 

/um.l. DIJ^ERATIM 
DQ2, by means of gate N30 is transformed into Dl code 

(Tabla 2).  It was previously in DDMC code. 

The sign SQ4 is substituted into the most significant 
bit (MSB) of the pattern through the gates 28 and 23. 

The RBC (reference binary counter) creates the framing 
code 0101...  This code is transformed into the frame patterns 
and is mixed with the sigalling pattern through gate 32. 

Gates N36 and N39 mix the incoming PCM, the framing 
and the signalling pattern (coming out of gate 32) into a comple- 
te frame (see Figure A.9, p. 98) . 

The signal is stored in the flip flop 40 to prevent 
transition chances. 

This unipolar PCM is transformed into a bipolar output 
(see Figure A.6, p. 96) by means of circuits N33, N19 and trans- 
former Tl. 

PCM IOUT is the bipolar PCM output and is sent on the 
transmission line. 

A.1.5.5.2. TD66Q OPERATION 

DATA TRANSMISSION 

This circuit works like that of the Dl through gates N2, 
N9, N34, N36, N37, N38 and N39 with signal DQ1. 

The output of flip flop N38 is transformed into the 
TD660 output level by transistors Q^ and Q2 (see Figures A.6 and 
A.8, pp. 96-97, for level and configuration).  PCM20ÜT is the 
PCM output and is sent on the transmission line. 

CLOCK OPERATION 

D()) is stretched through flip flop M33 to be a 100ns pul- 
se. This pulse is transmitted to the line by means of circuits 
Q3 and Q4. 

f 
\ 

A.1.5.5.3. TD968 OPERATION 

Signal 0*3 is sent to gate N10 to be multiplexed with 
the frame pattern. 
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The reference "n-y counter   (registers «HJand^, 

Surfnl  ^lÄtr^^Ji^it^ .its by getes H24.   N25. 
and N26. 

The output of gate N25  is  sent  to the  flip flop N40  used 
to prevent  transition chances. 

return to^rröt-^U^i^l QoJ^Äs%rnÄhf ?rir- 
mission  line. 

CLOCK 

D* is converted by Qu, Ql2.  Ql5 and Ql4;to be trans- 
mitted through the transmission line.  After conversion D* be 
comes D(J. 3T0UT. 

ft .7 PCM TO DFITft rONVERTER 
The PCM to delta part of/heDDMC prototype is composed 

of 14 boards which can be subdivided into different parts. 

- the  interfaces 

I  tSe «linear PCM to digital delta function 
- the CVSD decoder. 

:l,*. 
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A.2.1. THE PCM tä   INTERFACES 

The interface circuits permit the connection of the 
DDMC Input to the real PCM channel banks:  The D-l, D-2, TD660. 
Three boardU are needed to do the interfacing:  T-l, T-3 and 
T-4. 

LZAJL  BOARD-II 
A.2.1.1.1.  Dl OPERATION (SEE FIGURE 7 FOR LEVEL) 

The PCM data, (leads PCMIR and PCMIT) are sent into a 
circuit composed of Tl, Ql, CR2 and comparator 4. 

Diode Dl gives a DC voltage equal to half the real value 
of the bipolar PCM.  Diodes D2 and D3 rectify the bipolar signals 
to obtain a unipolar PCM compared, by means of comparator N4, to 
the DC voltage.  The output of gate Nil is a unipolar PCM. 

This output is sent into resonant amplifier Q2, Q3 and 
Qg tuned to 1.544mHz with inductances LI and L2; a Schmit trig- 
ger squares the signal of this amplifier and gives D(j)lf the mas- 
ter clock. 

1 

Flip flop N18 creates a unipolar PCM.  The PCM transi- 
tion coincides with the trailing edge of master clock D<til. 

The PCM signal and clock are sent to boards T3 and T4 to 
provide the frame synchronization. 

A.2.1.1.2. TD660 OPERATION (SEE FIGURE 1 FOR LEVEL) 

The PCM data (Lead PCM2R) are sent into equalizer Q4 end 
circuits N16 and N17. 

Amplifier N16 gives a DC voltage equal to half the peak 
value of the PCM and comparator N17 compares the PCM2 and DC 
signals. 

Clock D(t)2 is regenerated in the same way by circuits 
Q5, N23 and N24. 

The PCM bits and clock are sent to boards T3 and T4 to 
provide the frame synchronization. 

A.2.1.1.3. TD963 

The NRZ (no return to zero) unipolar (Lead PCM3R) is 
regenerated by circuit N33. 

Clock D(|)3R is regenerated by circuit N32 (see Figure 1 
for levels).  The output of flip flop N26 is a regenerated PCM. 
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The  transition of the PCM coincides with the trailing 
edge of clock DdiS.     The  framing  synchronization     is done by boards 
T3 and T4. 

LUULI COMMON PARTS 

The 3 PCM signals are sent into gate N20 to be selected. 
The output PCM of gate N20 is rectified by gates N27 and N34. 
The common clock D* (D(t>l, 0*2 or D<|>3) is stretched by circuit N28. 
Gates N40, N41 and N21 create a 6, 7 or 8 pulse clock during the 
CHN duration     ( lf.N_<24 for Dl and 1<N<1.2 for TD968 or TD600.) 

These pulses shift the PCM data for channel N into buf- 
fers N30 and N31. The data are held 125ps for the expander (EQ 
to Eg).  The sign is stored in flip flop N35. 

Signal 078 contains information for the TD968 only.  A 
"1" value means the PCM is only 7 bits during a framing or a sig- 
nalling frame. 

A.2.1.2. FRAME SYNCHRONIZATION 

A.2.1.2.1. PRINCIPLE 

The counter board generates a frame signal (FR1, FR2, FR3) 
(Fig.A.8,9,10). when this frame signal is high, the PCM bit is 
checked and compared to the value of a Reference Binary Counter 
(RBC).  The comparison result (CR) is stored (See Section A.2.1. 
2.3) in the correlator. 

If CR is high ("1" level) and there are at least 3 "l" 
CR's among the last 5 CR's the counters (digit, channel and frame) 
are stopped by the off signal CO one period of D41 and reset in the 
frame position (A.2.1.2.2). New clocks are made until CR becomes 
low ("O" level). 

If result CR is "0", nothing is done, the counter is not 
stopped and continues running. 

Low CR result "0" is called a good CR. 

High CR result "1" is called a wrong CR. 

A.2.1.2.2. BOARD T3 

This board is composed of a digit counter, a channel 
counter and a frame counter. 

Circuits N7, N6, N30, N13, N26 and N39 give CF1, CF2, 8K 
and 64K the signal clocks for all the boards except Tl, T3, and 
T«.  This is a phase lock loop system used to obtain CF1, CF2, 8K 
and 64K synchronous with the PCM signal CHN-9 (A.2.1.2.2.2) . 
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Signal CH -9 could be selected by strapping on board T3 
when N value is changed (A.2.1.1.4). CH -5 (A.2.1.2.2.2) is a 
8kHz siqnal for the expanding board delayed 5 channel durations 
from the chosen CMN (A.2.1.1.4). 

A.2.1.2.2.1. DIGIT COUNTER (DC) 
Master clocks D^l,  0^,2,  0*3 are selected by gate Nl. The 

result D(j) is sent to boards Tl akd T4 and is also streched to be 
a pulse by circuit N8. 

The digit counter is a ring counter composed of register 
N2, N3, N4 and gates N12, N5.  Gates N12 and N5 provide a count 
by N6, N8, or N9 if in position Dl# TD968 or TD660.  The Dl func- 
tion is command lead 2. 

Th TD968 function is command lead 1. 

The TD660 function is command lead 4. 

Gates »f,NlO#Nll and N29 are a zero detector,if the digit 
counter is not loaded properly. They create a signal order for 
parallel loading through gates N38 and N30. 

In Dl operation the digit counter counts by 8 for each chan- 
nel except channel 24. A count by 9 is provided for channel 24 
(Figure 6) . 

In TD660 operation the digit counter counts by 6 (Figure 
7) . 

In TD968 operation the digit counter counts by 8 (Figure 
8). 

This counter creates Dl, D2,... D9f DF and CS2 (Figures 
6,7,8 and Figures 3,4,5). 

Signal CO (board T3) can inhibit Dcti for one period to 
provide the frame detection (A.2.1.2.1.). 

A.2.1.2.2.2 CHANNEL COUNTER (CO 

This counter is a ring counter, composed of shift regis- 
ters N16, N14, N18, N19, N20, N21 and gate 40. 

In Dl operation, the CC counts by 24 and in TD968 or 
TD660 operation by 12 by means of gate N40. 

This counter is implemented by CS2 (A.2.1.2.2.1, Figures 
6,7, 8). Signal CH- 5 is a 8kHz pulse needed for the expander 
board. Signal CH- 9 is a 8kHz pulse needed for the phase lock 
loop oscillator. Signal CHN is needed to pick up the PCM data of 
channel N. Nf can be selected between 1 and 24 for Dl operation 
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and between 1 and 12 for TD968 and TD660 operation. 

This is done by a strap on the board itself. 

The delay between CH-5, CHN and CH-9 should be »•- 
pected to prevent transition chances (see section A.l.5.1.6. for ex 

planation). 

A.?.1.?.?^ FPAMF r-QUNTER 

ftl7,i.9.?.3.i. pi m TP™ mmm 
Gate N28 creates FRl when DC is in position 8 (signal DF) 

and CC in position 24 (CH24) (Figures 4 and 6). 

Gate 28 creates FR2 when DC is in position 6 (DF) and CC 
in position 12 (CH12) (Figures 3 and 7). 

ft,?,].?.?^^. TP968 OPERATION 
It is a divide by 12 counter implemented by the signal 

CHI (A.2.1.2.2.3) (circuits N35, N42 and N38I. 

The signal called IN78 is a signal which is high when the 
frame is a framing or a signalling frame. 

F3 is a signal which is high during a framing frame. 

SIG3 is a signal which is high during a signalling frame, 
(see Figures 5 and 8). 

I^LU. mmJä 
ft.?,1.9^.1.COMMON SYSTEMS 

r***  N2 creates FR3 from F3 and DF, FB3 is a 12 pulse 
signal wS?ch *r:l£ltS£  the position of the fra»e hits for the 
TD968. 

0.« « selects ,«, f«.« »3 for Dl TD6e0 or «tj.^ 
operation.  (see section A.2.1.2.^.4). 
select the PCM frame bits from board Tl. 

The framing patterns for the ß},fg.^J! »^.f•«Jf*^, 
(Fiaure 1).  The RBC1 is common (circuits N15, N"' ^26, N29, NJü, 
Nn SI?) For the TD968, the RBC2 is composed of shift registers 
^38; Sit!ViS and gate N13 (Figure 1 for rrame pattern). 

Gate N10 selects RBC1 or RBC2. 

The principle of operation was developed in Section A.2. 

1.2.1. 

i 

i 

:■ 
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A.?.1.?.3.2 CORRELATOR (COR) ($EE SECTION A.2.1.2.1 FOR 
PRINCIPLETT 

A.7.1.2.5.2.1 GENERAL 

The correlator (circuits N24, N31, N32, N33, M34, N25) 
counts the number of wrona CR's (see Section A.2.1.2.1) in 5 CR's. 

The incoming PCM (lead PCM) is compared with BRC1 or 
BRC2 by means of gateN3; gate N21  selects the result CR during 
frame time(see sections A.2.1.2.3.2.2., A.2.1.2.3.2.3.) > 

CR is entered into COR by means of circuit N42, the clock 
is a pulse validated  when FR is high (circuit N9). 

in 
Signal CO is high when there are at least 3 wrong CR's 

the correlator and   the last CR being entered is wrong. 

This CO signal (high lead) is able to stop the digit 
counter for one period of D<t) when in the "out of frame" condition. 

"Out of frame" condition is declared when 3 CR's out of 5 are 
wrong. 

When the frame has been lost and if the CR is not good, 
the frame is considered being lost. To be in the frame condition, 
at least one good CR is needed (see Table A.2). 

N0 of wrong CR's 
in  the COR 

Last CR 
entered into COR:C& 

CO Frame 
condition 

- 
0 good low in 

1  
1 good low in 

1 wrong low in 

2 good low in 
  

2 wrong low in 

3 good low in 

3 wrong high out of 

4 good low in 

4 wrong high out of 

. 

TABLE A.2. 
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When CO is high the digit countei; (Section A.2.1.2.2.1) 
is stopped and signals FR stay high and pvermit a check of the 
following PCM bits as if they were frame bits. 

A.7.1.?.^?.?.Tn66Q AND Dl RBC1 (RFFFRENCE BINARY COUNTER) 

The reference binary counter is a counter which contains 
the frame reference pattern (0101...). 

Flip flop N31 changes state every frame to provide the 
framing pattern. 

When an^but of frame"condition is determined, CO opens 
gates N37, N30, N23 and N26 and the value of the PCM digit is en- 
tered by means of these gates, into flip flop N31. 

If the RBC value and the PCM bit in check are the same, CR is 
necessarily good.   Thus CO goes low (see Table A.2) and the 
digit counter runs again. This reset of the RBC1 is needed to 
prevent the RBC1 from being at the opposite value of the frame 
pattern. 

Gate NIC selects RBC1 or RBC2 output. 

A.9.1.2.3.2.3. 111968 RBC2 

Since the frame pattern occurs every 12 frames and is 
000001101101, the RBC2 is a shift register (N38, N39, N40)  clocked 
by FR3 (see Section A.2.1.2.3.1). 

Gate N10 selects RBC1 or RBC2 output. 

When an "out of frame" condition occurs, CO goes high and 
the digit counter is stopped, the digit counter can run again 
only when a tflfr is good. 

A.2.1.2.3.2.q sPEr.iAL FEATURES 

Circuits N35,N36,N24,N42 are needed when the COR is filled 
with 5 wrong CR's and when FR is low (this could happen  when 
the DDMC is switched "on") to prevent the counter board T3 from 
being stopped and to prevent frame synchronization. 

A.2.1.2.3.2.5 Al ARM FEATURE 

A red light, on the front panel, provides a visual alarm 
for the "out of frame" condition. When CO goes high, flip flopN35 
changes state and transitors Ql and Q2 are satured: the light 
goes on. An incorporated pushbutton  is provided with the light. 
This buttom resets flip flop N35 in the off condition. If pushing 
this button      makes the light go off, frame has been found. 
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Dl 

SAMPMNO   FREOHENCV 

COUP AND INC.   LAW 

OUTPUT   LEVELS 

BMiZ 

TD968 

Skll/ 

TD660 

8kilz 

n 100 

bipolar 
loqlc "1" leviiv 
logic    0      0V 

LINKS 

HIT U/vrr. 

PUI,;;)" winTH 

bipolar 

V1255 

NR2   unipoUr 
logic  1  +6V -IV 

0 -6V ilV 
open line 

2 segments law 

unipolar 
logic 1 OVi 0.4V 

0   -2V  i   0.4V 

balanced  lOOutlOl 

1.544 kb/s 

0.65IIB 

HITS/WOHP 

unbalanced  TSiiilO« 

768Kb/8 

unbalanced 91ti110% 

576kb/B 

1.302ns 
tr 4 1C2IIS 

tf i 1C2IIB 

1.7i6us 
tr   20MS 
tf   120u8 

8,7 on framing 
and signalling 

6,5 for channel 12 

TIMINO 1.544kHz 
not transmitted 

FRAMING 

768kHz 

transmitted 
square wave 50* 

t6V -  IV 

trailing edge 
coincides with 
center of data 
output interval 

576kHz 
transmitted 

base -2 i 0.4V 
peak 0 t  0.4V 
pulse wicth 80 to 
150us 
leading edge leads 
the PCM transition 
by 0 to 80us 

one bit between 
LSn and signalling 
on the lant chnnnol 
of each frame 
pattern:0101... 

SIGNALLING 

one bit substitu- 
ted to the least 
significant bit 
of each channel 
ovory 12 frame« 
pattern: 
000001101101   

one bit substituted 
as the least signi- 
ficant bit of the 
last channel of 
each frame 
pattern:0101.... 

Last digit of 
each channel 

one bit substitu- 
ted as the least 
significant bit 
of each channel 
every 12 frames 
with a shift of 
6 frames with a 
with framing   

FIGURE A.6.- PCM   chamaJU banfe4 wqiUAmzntA. 
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1 

Dl TD96B TD660 

PCM CODE       P HSR             LSD   level 
i mm 

1  000000 

MSB             LSB 
1  0000000 

i mmi 

MSB            LSB 
111111 

1   0   0  0  0   0 
E o mm o mmo 0   11111 

N 
r. 
a 
A 
T 0  00001                             0 0000001 0  0  0  0  0  0 

V 

BTRA13MT 
niNAKy 

STHAK'.hT 
IUHAKY 

STRAJf.llT 
BINARY 

MSB means: most sicrnifleant bit . 
LSB means: least significant bit. 

FIGURE A.7.-  PCM  code*. 

6bit» 

CU12 

1 frame 125M» 72 bit« 

10.4U8 

Sb 

CHI 
CH10 CH11 CH12 

Dl    D2    D3    D4    D5     D6 

Dl through D6: coding bttö 
Dl is the roost significant bit 
D6 is the least significant bit except on channel 12 
On channel 12 D6 is the framing bit while 05 is the least 
significant bit ,,> ,. .... ««\ 
FR2 is high during the framing bits (CH12 digit DF} 
DF=D6 
base frequency 576kHz 

FIGURE A.«.- TV  660'4: faame. conilguxatlon. 
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It 13.1«    5l9n8 

I 'i  !' i t s 

tHTERVAIi CMS     :•! 

CIUNNEL  N0 24 

H   lilts 

y 
1   f 'ame   193  bits UivB 

.19.iH 

8  bit« fl  lute Hlntb 

-- 
8 9bits 8 8 

2 3 4 5 23 24 1 2 

13 2 14 3 12 24 1 13 

v'IU4 

Dl     IJ.'     DJ     D4      Üi     üb     D7     DB 

CHI   to CH23 

Dl is the most nianifleant bit (sign bit)-Dl signal is high 
during digit Dl. 

D7 is the least significant bit. D7 signal is high during digit D7. 

D8 is the signalling bit for channels 1 to 23. D8 signal is high 
during digit D8. 

D9 is the signalling bit for channel 24. D9 signal is high during 
digit D9. 

For channel 24 DS is the framing bit. DB signal is high during di- 
qit 08. 

CUN signal (1 s N * 24) is high during interval CHN (1 < N < 24). 

FR1 is high during the frame Bit (channel 24 dig. DF). 

DF 08 

Basic frequency 1.544 mHz 

FIGURE A.9. - pi »4 (J-tame configuration. 
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TtMlN",   MARRAM   BOARD   Bl,   Bl,   nt,   Tl,   T3,   T4   FOR   EXAMPLE   CHN-CH1 MEANS  THAT  CHANNEL 
ONE   [S   CtlOSCN   AS   TKANnMITTUir.  AHO   RECEIVING  C1IANNH. FRONT   SWITCH   IS   IN  Dl   POSIIION. 

Dil-l.mmr. 

CS2 

CII24 
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(U 

fit 

m 

r\ 

every   Crane 

naatcr clock  rate   1.54 4HIIZ 

FIGURE Ml.- PI*4  Timing  dlagtam   [boaxdi  Bl.   83     B4 
TU  T3,   T4). .       >       , 
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A.?.?. THE EXPANnOR FUNCTION 

This expansion from compressed to linear PCM is done by 
one board T-6 and contains the four expansion laws: the p-100, 
y-255 or TD968, A and Tn660. 

A.?.?.1.1. CLOCKS 

The board contains four different clocks which vary 
according to the expansion laws. 

-8kHz work clock. One of the two signals according to 
the expansion law. 

-8kHz, output register 

-14 impulses at 1.5MHz 

-Repetition at 8kHz 

-Fast clock at 1.5MHz 

8kHz work clock (N30) 

This clock is used to create two other signals, one 
identical but delayed, the other an impulse on the trailing 
edge generated by the set-up (Figure A4, A5): these three signals 
exist for all the laws except for the impulse which is blocked 
in law TD660 (4). 

Fast clock (N22 - N23) -CF 

CF and the 8kHz are synchronous but their phase is ill 
defined. The situation where a CF trailing edge occurs too soon 
after (or at the same time as) an identical 8kHz edge must, be 
avoided. 

For this reason, the D flip-flop is reset to zero (pre- 
ceding "c" impulse on its reset) at each trailing edge of the 
8kHz. The first CF impulse cannot therefore be switched to the 
work register since 3=1. Q will however become equal to 1, opera- 
ting the switch and blocking it in this position for the rest of 
the 8kHz period. 

In law TD660 (4) , the flip-flop is constantly blocked 
at zero by its reset in order to avoid   sending the fast clock 
into the work register. 

Output clock -Ml and CSX 

Ml serves to load the output register in parallel and 
CS1 (14 impulses) to unload it in series. 
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Ä.2.2.1.2 MEMORY   m.) 

It La Huppliod by + 5V and - 9V sources.  The latter is 
created from Mio - lr)V by a Zener diode (CRl) .  CR2 which has a 
larger power capacity conducts only when CRl is short circuited, 
thus protectinq the memory until the breakdown of CRl (open cir- 
cuit) .  A voltage higher than - 9V would not damage the memory 
but could change its contents. 

Law M100 uses addresses 0 to 63, law TD660 addresses 80 to 
95.  The remaining memory fan-out is 1. 

A.2.2.1J. DECQUNTER GATES 01 - NI5) 
In laws M2 55 and A the signal comes directly from inputs 

i;4-E5 and E6.  In law M100, 3, it comes from outputs D4-D3-D2 of 
memory (N2). 

A.?.?.1A nFCQiJNTFR (Mil. m2. NIF. N27. N18. N25. M23) 

Loading 

At the time of the trailing edge of the 8kHz, the impulse 
"C" discussed in A.2.2.1.1. lets the signal pass on the "set" and 
"reset" of the flip flop.  The signal must be available before 
the impulse. Two cases are possible:  the signal is 1 or 0. 
Thus Q = 0; Thus Q = 1. 

In the case where the signal is 1, so must be preponderant. 
For this, the impulse "C" must be longer than the transition ti- 
me A of a gate. 

Decounting 

It is performed as long as one of the 3 most significant 
bits is 1 in law M255 (1), or as long as one of the 2 most signi- 
ficant bits is 1 in laws A (2) and M100 (3). 

Each decounting impulse is sent to the work register serial 
clock.  In laws A and M100, a supplementary shift impulse is sent 
into the work register before the decounter begins to function. 

A.2.2.1.5. WORK REGISTER GATES (NBmrfl5mN2Q.N21.N26,N27.N28) 

CASE; 

For each work register position it is necessary that: 

M255: 1 for 8 bits, 0 for 7 bits (M7) 
A : 0 

M100: 0 
TD660: E4 
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CASE 2 

CASE 3 

M255: EO for 8 bits,10 for 7 bits. 
A: EÖ" 

M100: D8 
TD660: 1st segment (E4-1): ES" 

2nd segment {E4=0): 0 

M255: El 
A: El 

M100: D7   
TD660: 1st segment (E4=l): El 

2nd segment (E4=0): 1 

CASES 4 and 5 

A and M255: E2 for position 4, E3 for position 5 
. M100: D6 for position 4, D5 for position 5 
TD660: E2 for position 4f E3 for position 5 

D8 for position 4, D7 for position 5 
1st segment 
2nd segment 

CASE 6 
A: ET+E5+E6" 

M255: 1 
M100: D2+D3+D4 

TD660: 0 for 1st segment 
D6 for 2nd segment 

■ 

CASES 7,8^9/10 

M255: 0 
A: 0 

M100: 0 

TD660: 0 1st segment 
D5, D4, D3, D2, 2nd segment. 

A.2.2.1.6 WORK REGISTER ^EJMBJMil 

It is loaded in parallel by the 8kHz. The data must be 
input into the set-up at least 1.5ys before this loading because 
of the memory response time. 

A.2.2.1.7 OUTPUT REGISTER f N^ .N^Q .NüfLNÜI .W?). 

Its in-parallel loading clock must lay by at least lOys 
that of the preceding register. The 14 serial unloading impulses 
(CS1) must not occur less than 50ns after the Ml trailing edge. 
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ssmm wrnrn**. .:J.»lnlv'l.;iiiia-aiii.iiinli ^^^ 

Ät2.3. THt: CQ^ON l 1NFAR PCM TQ DIGITAL DELTA FUNCTION 

This part is composed of three boards T-7, T-8 and T-9; 
its main function is to provide the linear PCM information at the 
correct delta rate at the digital delta input part.  It is a rate 
converter from 8kHz to delta rate 16, 19.2, 32 or 38.4kHz. 

It contains: 

- a 64kHz counter, a digital sign adjuster, 
- a linear interpolator and a delta counter, 
- a second order digital filter at 64kHz. 

THF fU  KH7 COUNTER AND DIGITAL SIGN ADJUSTER 

This board is composed of the interpolator input gates 
control and of the 64kHz counter. 

The expanded word coming out of the expander board by 
means of CS1 (N32, N26) passes directly through gate N10 in case 
of the A and M100 laws.  For the M255 law, 16.5 is substracted 
from it, by means of registers N3 and N4 and adder Nl, and in case 
of TD660, it is be multiplied by 12.1875.  In fact it is multi- 
plied by 12.1875/16 (i.e.24) (adders N2, N15, N15, BR8, N9) and then 
multiplied by 16, four shifts (N24) being eliminated from CS1 
(N24, N25). 

Then the sign of the binary word, SI, permits to reco- 
ver the full sine wave (2,s complement:  circuits N13, N27, N5) 
before entering the linear interpolator I. 

The clocks and timing signals necessary for the inter- 
polator and 2nd order filter are generated on this board by the 
64kHz counter.  This serial counter (N17, N18, N19, N20, N21) is 
reset by the M2 impulse created on each negative edge of the 64kHz 
clock.  It is filled with one ("l") by means of a fast clock CFi 
which stops (N23) on the value 20 of the counter (Nil). 

The two frequencies 8kHz and 64kHz are perfectly in pha- 
se. M^  is the impulse created on the negative edge of the 8kHz 
frequency (N5). V is a variable in the "1" state during the first 
period at 64kHz between two successive impulses M^ 

CS1, CS2, CS3, CS4 are serial clocks necessary for the 
interpolator; CS5 is the serial clock of the 2nd filter (N24, N25, 
Nil, N27, N32). CS1 is a test point to visualize the interpola- 
tor output (N25, N34). 

For more details, see the timing diagram Figure A.14. 
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htZJJg  rn^RH T-g{ I INFAP IMTFRPOLATOR AND DFI TA COUNTER 

This board is composed of the linear interpolator and of 
the delta counter. Two phases have tb be considered for the in- 
terpolator computing. 

When variable V is equal to 1: 
Xn + j is input into shift register  SR2 

the incoming bit stream 
(N2,N3,N4,N4)while 

the^difference Xn + 1   Xn is computed through the adder N14(6,7) 
and divided by eight(8) when entering the «hift regxster SR3 (N16, 
5l7rMlfi,lflS) by means of CS4 + 3. Xn, previously in SR2, is 
shitted in SH4 (N9 ,N10,N11,N12) 

* = Xn-H -Xn 
8      8 

When variable V is equal to 0:  gates 21,20,6 are inhibi- 
ted so thatxn + 4 is computed through adder N14 and placed in SR4 
by means of CS4. * * is shifted from SR3 output to SR3 input to 
be ready for the  » next step computing  (Xn+^)+| = Xn + 2.(1) 

And so, uP to Xn + 7 (|) , Xn + ! the next step, is still 

in shift reellster SR2. 
Gate N35 feeds the 2nd order filter with the se- 

quential outputs of the interpolator. 

The "A" Counter is based on the same principle as the 
UM*  counter.  It is reset by MA, impulse «

ef^ °n each nega- 
«-ivf. transition of the A clock.        1 1S tiiiea tnrouyu 
slTft reiste?« N22 ,N23,N24 ,N25 ,N26 ,N27 ,N28 and it »top. JO^ting 
on the decoded value 25 {N15).  Every Sx has the value ' 0 up to 
?Se value x of the counter and then "1" up to the reset of the 
counter. 

ft^.y, nnARn T-9, gjfilMsflBMB P^'TFR AT Ml 

This board is composed of the second-order filter at 64kHz 
and of the holder, a buffer permitting to change the sampling 
frequency from 64kHz to any delta frequency. 

The second-order filter is composed of two registers SR6 
(N2 N3 N4 N5,N6) and SR5 {N9,N10,N11,N12,N13), the Principal 
IK M27 tBR34 receiving the interpolator output. The outputs 
QO1N13)  Q!(S6? are gateS9{Nl4,N21) to adder (BR31), and Q2(N12), 
Sn N13 are gated (N14,N21) tq adder N32 (BR31) ^real"e

;,^
e
N32 

feedback coefficient of the filter. O^puts of adders Nl and N32 
feed adder N33 (BR34) which enters the Principal adder {N27). The 
sign bits of SR5, SR6 are stored on M2 in D flip flop N8. 

On each negative edge of the delta frequency ^ « pulj« 
MA is created (N29, R^CD ^d the binary word in the buffer (N28, 
N16,N17,N18,N19) must be transfered in parallel in the snirt 
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register SR7 (N20, N23, N24, N25, N26). SR7 is the input of any digital delta 
CVSD: to enter the right length     binary word at the right time, four 
serial clocks are gated {N22, N21). 

On each negative edge of the 64kHz, the binary word canputed in the 
second order filter must be transfered in the buffer. As there is no phase or 
frequency relation between 64K and FA, a system creates 2 clocks, very near 

64K and FA, which prevents negative edges fron being synchronous within 
20 ns (N29, R2, C2, N35, N15, N14, C4). 

/\T9.U.1. THF DIGITAI "P'TA mnFR FACTION 

A241 
The digital delta coder function 

General deacrtptton 

The digital CVSD syatem at  
<a composed of 

A low-pass first.order filter 
with a shift register of— 

A feed back loop A composed of- 
an identity detector compa- 
ring three successive & bits 
and driving the input of a 
syllabic filter 
with a shift register of  
preceeded by an adding with 
a shift register of  
and followed by an adding 
with a shift register of  
a multiplier by -1 giving 
the algebric increase 
which is then summed in an 
integrator with a shift re- 
gister of  

The low-pass filter, the sylla- 
bic filter and the integrator 
are three first-order filters 
the loop coefficients are rea- 
lized respectively by  

The different clocks driving 
the     registers come from 
the same fast clock. For 
every register the sign is 
made in memory to be sent by 
a control gate so that the 
serial calculation is wall de- 
fined until the last serial shift 
In the case of the syllabic 
filter the sign memory does 
not exist, because the sign 
stays plus. 

16kHz 

16kHz 

12bits 

19.2kHz 

19.2kHz 

16blts 

12bit8 

4bit8 

4bits 

]4bits 

0,1,1,serial 
adders 

16bits 

8bits 

Bbits 

17bits 

32kHz 

32kHz 

16bits 

16bits 

4bits 

Bbits 

17bit8 

1,2,3,aerial 
adders 

38.4kHz 

38.4kHz 

18bits 

0,3,2 
serial 
adders 

18bits 

4bit8 

Bbits 

22bits 

1,2,2 
serial 
adders 

■ 

: 

The digital delta codec function 
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l.t.UA.  DlBlTM   rVSD AT16KMZ. 

I 

A ;4; Pi'ill-»'  CV9D .il   ICkllz 
(loalizivl  on  Ho.ml  rlO) 

Low-pas:' fill'-'i" 
nuiin i«cli!or- 
shiit rogiaters  
memory for niqn  
Ihc out put  
is  Bonl   toward  main 
nddoi  

Comiiaraloi  ol   llu-   i utnirator 
oulpul-  witli  
fol low.-d by  moiiwiry 
for  Bi<m  
nml  A   uuiititor  
with Hi''  Ul^ntity 
detoetor  

Adding rogiatat n»   nyll.ihic fil- 
\V\    ill|<ll(  

.yllal'ic   fillc 
main  nddor  
shifl  rociinter 
the outputs  
are r.onL  toward 
adders  

Mdin'i  l-ogiSte* at  uyllabic 
filter output " 

with adder  

Multiplier by - 1 

Jntrnralor 
main nddcr  
Bhift  ruqintor  
iiK-mory  lor  aiqn  
output 11  
aro iiont   tuwad  addor 

clock«- 

CIHCIIIT IJUMDHRS 

1 DR2 
3,4,5 
2 
0^5) 

14, 20 

8 DR15 

9 
10 

24,17,11 

18 BR2S 
19, 27, 28 
03(28) 01(27) 

26 BR25, 18 

16 
23, BR9 

29, 24 and BRIS 

22 HR15 
32,33,34,35 
30 
0(35), 0,(34), 20,29 
31, DR301 

12,13,20 

Digital CVSD at 16KHz, 
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MuH ii«Ui>i   by i   1  
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Hhifl   rnqistor  

ni'l» mriaory  
the outputs  
mi' üonl   toward  tho 
loop Jclili-l  
in  tho  Baina w.iy  the 
out puts  
nro Bent toward the 
loop oiddor  
and  tho outputs  of 
those  two adderr.   toward 
the  ndik't  

Cloikii    

Tim  Input H-otilpul !•■ of  thli; 
ItMtd   dr.il   Ns'ith   tht'BP   ii.llll'i'- 
timi-i   betWPMI   lionrclri   A   81«!   ". 
tho  M,   wit|lia)   'Uiil   tho   "I'j" 
ni'|i\ai   "f    t Im   lounln    I Iw 
il'tit -point   11 •' HB w 11   ■,',  ',"' 
i'l.'.lin   li'i    ti»'   fiinl    liannl. 

1^1.117. 

T14 

37 

2C,11.12. 
13,14 

Q3(14) .Qjin 

27   nR41 

Oj, (ISjQj (12) 

40   »R41 

38   BK39 

9,10,23 

12,13 
11   IIIUO 

8,9,14 

14   DRS   set 
ond  rcoet 
1,2,3,4 

03(4)   Q2(3) 

7   BRfi 

02(2),   Q(7) 

15  BRIO 

16,17,18 

3R.4l-.ll2 
T16 

8,20 

1 HU2 set 
and react 
3,4,5,6,7, 

21 
2 

Q0(7),   01(6) 

19   BK18 

0(21),   S(19) 

10   DR18 

23,24,9 

Boards T12 ^14^16. 
A.?.^ THF CM  HECODER 

The CVSD decoder is built on the same board as the CVSD 
coder  as  it was mentioned     in Section A.1.1. 
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APPENDICES  B AND  C 
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APPENDIX D 

TROUBLE SHOOTING CHART 

This appendix will help the user to detect when and 
where the system is in trouble, to find out which board or 
part of the board is defective. 

m m - A 

The main trouble is when you hear nothing ^J »|Jf*> 
in the CVSD decoder output. First enter a test tone (400H2) into 
the PCM coder and follow the procedure: 

1) Check of the analog CVSD demodulator (board B22). 
Put the analog CVSD back to back entering a test 
tone in the coder (BNC: AUDIO IN front panel). Make 
sure that the coder is working (SRM) and look at the 
demodulator output (SRDM) before the filtered output 
(BNC: AUDIO/OUT front panel). 

2) Check of the digital CVSD decoders 
Change the frequency pushbuttons on front Panel. 
A)If the system is in trouble for only one of these 

frequencies, the corresponding digital coder does 
not work. To check it refer to the board descrip- 
tion, the use of the serial D/A converter (Figure 
D.l) and to Table D.l« 

B) If the system is in trouble for all frequencies, 
the delta counter must be checked (T8 and MA ge- 
neration) . If it works the digital CVSD coders 
should work; follow the procedure (3). 

: 
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FIGURE  PJ .-  SzMal P/A  convzite.*. 
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Syllabic filter 
Clock  C^ZO) 

Imnul- MA Impu 
se 

Output DC function of test tone amplitude and 

Integrator 

Board 

Digit 
input 

Clock 

'lO 

C1(34) 

Impulse MA    I   w» 

Output-!   roconstruc 

f requency 

T12 
T14 

ht Q3(25) 

CS21 CS11 

MA MA 

416 

CS16 

MA 

ted  r.ine wavc(naw tooth) 

TABLE  P. I.-  T/ioub£e kkwUH ^^M«   (PCM-A) 

3)   Each board may be checked, up to the expander by 
using the llritl DAconve^ter and following Table D.2. 

 _  
BOARD DIGIT ItlPUT CLOCK IMPULSE OUTPUT 

Holder T9 
SR19-32 CSB MA sine wave 

Low pass 
filter 

T9 
srs CSS «2 

sine wave 

Interpolator T8 
F CSI 

board T7 

M2     1 interpolated 
sine wave 

sign 
adjustment 

T7 
I CS2 8K full 

sine wave 

Expandor 
output 

T7 
2-1 CSl IK rectified 

■in« w«v« 

TABLE P. 2.-  TiombU thootlnQ Table.  |PCM->A) 
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4) CHECK OF BOARD T4, T3, Tl. 

.1) check for I'CM bit« on lead venin,  check for clock 
on load U'!.2I< if no Hiqnal, see the transmitting 
channel bank used. 

b) follow the trouble shooting table, proceed step 
by step. See the circuit desciption for "Trouble" 
use an oscilloscope or a frequency meter   for 
checking the signal. 

HOARD rirj cnicTin OUTPUT  SIGN/Vt IF   NO  SIGNAI,:;:   TROUBMS 

Tl Di 3 VOfikllz   squ.iro  w.ivo circuits  32  or   19 

Tl PCM PCM hits  nuilLi plcxoil circuits  33,   26  or  20 

IK 
-dl 
•CO 

IHAMi:  l.ir.MT  .'WAY  ON   (t i i st   chock   iho  .switch  on    front  pana)) 
icontx-cl    li.i.l  CD   1 i on  pin   PIl   board  T'l 
uicci Mr;   im hoard T3  to ground. 

■n PI 

c'.';.' 

riiN CM 

cm to im.' 

/£flkli •   liqu n o  w.ivc 

1 . hin   pul im   i'vi y 
H   p.i lofl;i   r,l   m 

i.nli-   'Jiikliz 

ciicuil   01   or   32 

Tl (il'iii counter 

Tl 10 . IHM   pulHc;  every 
12   pn  Uvl.'i   1,1    CfiS 

rate mil/ 

ch.iniici counter 

TJ 

Cl'l   (ir 
cr2 
64K 

i2r)i.H pul:!.- every 
12 cm period 

rnto   66CIIZ 

frniiit<  counter 
(circuits  35,42) 

■n l.S38tHa   clock 
Gll^lz   clock 

phase   lock   loop 
oscillator  adjust   PI 
to obtain  8K  synchro- 
nus of CHS. 

T4 ci rcuit 
•10 pin Q^ 

you must  see  the 
pattern   000001101103 

RBC2  circuit   38,39  or   40 
or  2 

Uir.CONMliCT   IIPT 
CONNI fT  Cd 

3   Croni qround 
t rom iXi'A unr'i 

T4 ( ii i.-ni I 
10 pin it 

pulr.on  ill   IK   riitc circuit   35,36,24,30,  or 
42. 

If frame light stays on after following this table, 
the correlator (circuit 31, 41, 34, 33, 32) or the comparator 
(circuit 3 Board T4) are in trouble and must be checked. 

TABLE V.3.-  Tioubld tkooting Table.   (PCM-»-A) 
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C) frame light r\ever goes on when switching the power 
supplies. Check the bulb light and cxrcuit 35 board 
T4. 

D) check on board Tl. Use test circuit 1 or 2 in Figure 
D2,follow Table D.4 step by step. 

CHECK 
CIRCUIT 

iMN 
CHECK 150 

OUTPUTS SIGNALS IF NO SIGNALS 

1 ] 1 circuit 20 nine wave circuit 20 

icctifio«! sine wave circuit 34 
1 8 iiicvilt 34 

C1IN hicjh during channel 
N chosen 

board T4 and T3 

Cl circuit 30 group of 7 pulses at 
D* rate when CIIN is 

high 

circuit 21,41.40,28 

2 V K5 
E4, E, 

t7.   Ej. K0 

compressed rectified 
sine wave 

circuit 30 and/or 31 

TABLE V.4.-  TioubU shooting  Tafa£e (PCM-^A) 

n.2.  A-^PCM 
The main trouble is when you hear nothing (or noise) in 

the PCM receiving channel. Before following the procedure, make 
sure the PCM back to back is working. Then, put a test tone 
(400Hz) in the CVSD coder (BNC:AüDIOIN front panel). 

1) Be sure the analog CVSD coder is working: look at 
the reconstructed sine wave on the oscilloscope (SRM, 
B22) . 

2) Check of the digital CVSD decoders. Change the fre- 
quency pushbuttons on front panel. 

a) If the system is in trouble for only one of these 
frequencies, the corresponding digital decoder 
(3 boards) does not work. To check these three 
boards refer to the board description, the use 
of the serial D/A converter and 
Table D.5. 

b) If the system is in trouble for any frequencies, 
the delta counter must be checked (B9 and MA gene- 
ration) . It it works the digital CVSD decoders 
should work, follow the procedure (3). 
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TEST  CIRCUIT 1 

Connect to 
^CHN 

.00 

MC  03 
02 
01 
00 

"TU 
MC   03 

Q2 
01 
00 

' DS 

INPUT   connect to 

16 

15 

ÜAC6912B 

14 

OUT To  scope 

*15V       -15 V 
tublp check point 

TEST   CIRCUIT 2 

DAC6912B used directly 

FIGURE V.2.-  Tatt  cluculU. 
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- 
Digital CVSD decoder! 16K 19.2K 32K 38.4K 

Integrator 

hoard D10 nu me 819 

digit 
input 

SK141 Q3(20) SK132 SF104 

clock csin CS113 CS133 CS105 

impulse HA       M4 MAA . MAA 
_  

output reconstructed sine wave ( sawtooth) 

Filter firet 
•tage 

board Uli »14 ni7 B20 

digit 
input 

SF145 QjCJS) SF134 SF106 

clock CS145 CS115 CS134 CS106 

impulse MA MA HAB HAA 

output reconstructed sine wave (rounded) 

Filter oecond 
■tago 

board B12   |B15 B18 B21 

digit 
input 

SF147 0,(33) SF136 SF10B 

clock CS147 C1(33) CS136 CS108 

impulse HA MA MAA MAA , 

Output filtered sine wave _ 
1 .  

TABLE P.5.-  T/ioufa£e ihootlng Table.   (A>PCM) 

2)   Each board must be checked,  upto the compressor by   using 
the serial D/A converter   «nd following Table D.6. 

OIC.ITAI, CVP1) DirODKRS 16K 19.2K 32K 38. 4K 

*"""                              ; 
Board BIO 913 me B19 

Integrator 

Digit 
input 

Clock 

SF143 

CS143 

33(20 

CS113 

SF132 

CS133 

SF104 

CS104 

Impulse MA • Mi HAA MAA 

Output Reconstructed sine wave (saw tooth) 

Board Bll 
B14 

D17 D20 

Filter first 
stage 

Digit 
Input 

Clock 

SF145 

CS145 

03(35) 

CS115 

SF134 

CS134 

SF106 

CS106 

Impulse MA MA HAD MAA 

Output Reconstructed sine wave (rounded) 

Board B12 
D15 

B18 
D21 

Filter second 
stage 

Digit 
Input 

Clock 

SF147 

CS147 

03(33) 

C1(33) 

SF136 

68139 

SF108 

CS108 

 — 

Impulse 

Output 

M/. MA MAA MAA 

Filtered sine wave 

Table. V.6.- TKoable. ihootlng   (A-^PCM). 
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4) Check of the Interfaces (boards B.l, B3, B4) and compressor 
(D5) , 

a) (.'hock Tor PCM bits on board Bl, (PCM3T0UT) during channel N 
u«ed;if there are no bits, follow the check procedure with 

Table D.7. See descriptions for explanation of trouble. 

b) Follow Table D.8 and use test circuit  2  in Figure D.2. 

14 

14 

n4 

I'IN CtltUfI) 

0+ 

55? 

OUTPUT 

/6BkH? square wave 

1.3uS pulse every 8 
periods of Qf, rale 96kHz 

CHN or      10.4^s pulse _every 12 
CHI  to CH12 

F3 

periods of CS2,  rate 8kHz 

.._(.„ 

125i,s pulse every 12 
periods of CHI, rate 
666Hz 

CF1  or CF2 1.536MHz  clock 
S4K 64kHz  clock 

TROUBLF 

Circuits  1  and/or 11 

Diqit counter 

Channel counter 

rrame counter 

Phase lock loop oscil- 
lator, adjust PI  to 
obtain 8K synchronus 
of CH5 

IVOARP 

B5 

m 

t 
in 

Bl 

i 
Bl 

Bl 

Bl 

TAim   V.l.-   TnoubU   ihao.t.<.ng  Table.   (A-^PCM). 

Pt«   nilCKI.D        ! OUTPUT 

  
PAIX) to PADb 

II M 
i IWIIMI 

003 

Pin 9 circuit 
40 

Rpclified sine 
wave 

Hectified sine 
WdVf 

Sine w«ve 

Circuit 5 pin 13    Check for the 

Circuit 25 pin 3    Pattern 000001101101    24, 25 or 26 
during negative 
pulse duration of 
circuit 26 pin 7 

TROUBLE 

Compressor board 

Check board 83 
separatively 

Circuit  10 or 25 or 40 

Circuits 3, 4 and/or 5 
Pf"ern  ni1l00l00ln Circuit 24 and/or 25 

Complete frame by 
connecting sigle 
from 0 to 1, s ignal- 
linq bits must 
chdnqe 

768kHz square wave 
at TD968 levels 

|      Circuit composed of 
V V % and Q10 

Circuit composed of 

"n* ^12* ^n and 

014 

Table  V.&.-  Tnoubla shooting  Table   {A-*PCM) 
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APPENDIX E 
POWER SUPPLIES 

The TTL circuits require a 5V, 30 amp power supply and 
the analog components, the operational amplifiers, the ROM re- 
quire a +15 and a -15 volt power supply. 

Lambda regulated power supply model LXS-EE-5-OV and a 
TS-CA-15-15 were chosen. 

Specifications: 

Voltage 
volts 

Max current 
to 40OC 

AC input 

LXS-EE-5-OV 5 + 5% 
negative 
ground 

45A 115V 60Hz 

LTS-CA-15-15 +15+1% 4A 115V 60H2 

The power supplies are mounted in Lambda 19" rack LRA- 
11.  A 5 amp fuse is provided on the front panel of the rack. 

Remote sensing connections are made (LXS-EE-5-OV) to 
prevent cable drop. A 6 foot cable with connectors is furnxshedi 
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APPENDIX F 
TD660 COMPRESSION LAW 

VOUT   (PCM  Levff|. 

C      V IN 

336 (PCM  level.) 

= 20.4 dB 

The linear maximum value of the expansor output is 336 
for TD660 expansion law. For M100 law, this maximum is 4096 and 
the common part of the DDMC is working with such a gain.  So, 
one must multiply the expansor output, when in TD660 law and in 
PCM to delta conversion, by  4096 

336 
Reciprocally, when in delta to PCM conversion, one must divide 
the input of the compressor by 12.19 in this law (12.185 is the 
binary truncated value of 12.19). 

i 

I 

2cm 

—.—. ^— .. ■ ■ 
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TABLE OF LEVELS 
1 i ; 

J m 6 n ^n 9n 

32 

31 

336 

316 
• 

326 

2 16 20 

17 

16 

• 
• 

56 

36 

16 

46 

26 

15.5 
15 15 

14.5 
14 

• 
14 

1 16 1 
*3 

2 

1 

0 

3 

2 

1 

0 

2.5 

1.5 

0.5 

1: 

J m 

m = 

S ■ 
n = 

segment number 

number of steps per segment 

step size 

step number 

decision level 

quantization level 
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APPENDIX G 

:TAL FREQUENCY CQNVERTFR (nilFr.) 

This appendix presents a method for digitally con- 
verting a coded signal flowing at a predetermined rate into ano- 
ther coded signal flowing at another predetermined rate. 

More particularly, the present method permits the 
linkage of a CVSD (Continuous variable slope delta modulator) to 
another CVSD system, the two operating at different sampling 
rates. 

The sampling rates are 16, 32 and 38.4KHz.  This inter- 
facing is achieved through the use of a direct digital frequency 
converter hereinafter designated as a DDFC.  The computer simula- 
tions presented herein were done on a IBM 370/145. 

I' 
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Gl. INTRODUCTION 

The objective of the present appendix is to present the 
results of a feasibility study on a Vlizct Digital Tizquancy 
Convcitei,  hereafter referred to as DDFC. 

Direct Digital Frequency Conversion is defined as conver- 
sion from one form of digitized voice signal at one rate to the 
same form of digitized voice signal at another rate without re- 
construction of the original analog voice signal. In this study, 
we will limit ourselves to one type of numerical format for 
voice: delta .modalatlon,  more specially Continuous   Vailablz Slope. 
Vetta Modulation   (CVSD). 

The scope of this work is to determine by computer simu- 
lation the feasibility of a single CVSD-CVSD DDFC. 

The first part of this report deals with the conversion 
principle through the General method of digital conversion. 

The second chapter presents the computer simulation model 
of the DDFC as well as the computed results. 

A conclusion finally closes the study. 

i 
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ft?. MFP^™1 PRINCIPLE 

^.1. RFNgRAI ^^YFPTFP MnnEL 

To interface between two different digital sy8^™*, the 
converter hiS to realize a code conversion and a sampling rate 

conversion (Figure 2.1). 

The method for converting the code and the sampling rate 
of . first signal into the code and the sampling rate of a second 

gnal and converts its code into the second signal code. 

FIRST 
CODE 

<  

INTERMEDIATE 
CODE 

i 
MO 
*. M 

Si« 
u I 1 o INTERMEDIATE 

CODE 

§ 
w « Q U 
o> 

SECOND 
CODE 

FIRST CODE 
SAMPLING 

RATE 

SECOND CODE 
i SAMPLING 
1 <-     RATE 

 > 

FIGURE 2.1.- $m*mi Method o< UgltU Conv^lon. 

m 

fi?.9. nFLTA M^"ATTnN TQ nFITA MODULATION CONVERTER 

Figure 2.2 shows the general model of a delta to delta 

DDFC. 

The first code conversion unit, when receiving a delta 

2Ii?«2^»Ii f  The intermediate code at the second delta 
ÄS* "U'wlii S« Srionvertea into the second delta code 
through the second rate conversion unit. 
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\mZ. 

Code 
convert Ion 

Rate 
conversion 

Code 
conversion 

PRtTA INTrR'iriMATi: 
CODE 

INTnPMEDIATC 
CODE 

DELTA 
CODE 
F2 

Sanplinrj rat e fl 

Intermediate 
sampling 

rate Sampling rate f2 

FIGURE 2.2.-  Gcne*a£ mzthod o^ dzlta. to ditto. VVfC. 

G2.3. GENERAL MODELS 

The delta to intermediate code (linear PCM) and linear 
PCM to delta converters are completely digital. They work with 
sampled signal? expressed in binary form. Therefore once per 
sampling period each block in the following diagrams receives a 
binary number representing the input value and uses it to compu- 
te the output value which is also a binary number. 

62.3.1. DELTA TO LINEAR PCfl CONVERSION 

Figure 2.3 shows the general model of a delta to linear 
PCM converter. The code conversion is made by the gain control 
circuit and a digital integrator. 

A 

GAIN 
CONTROL 

DIGITAL 
INTEGRATOR 

DIGITAL. 
FILTER linear PCM 

 fc- 
at & rate 

HGURt 2.3.-  Gtnttai modzi  0|J a dztta. to llnzai  PCM convzitzi. 

The intermediate code represents the amplitude of the 
transmitted signal. To reconstruct at delta sampling time this 
amplitude, the incoming delta sequence is first fed into the 
gain contiol  circuit which determines the delta step size. This 
gain control circuit is a logic circuit which utilizes an algo- 
rithm similar to the algorithm of the delta modulator. Using the 
delta sequence, it generates once per A period a binary word 
which represents the value of the delta step at this instant. The 
digital intigKato*  is another logic circuit which determines the 
amplitude of the transmitted signal by adding the delta step 
values. It is a digital addition and the output is a binary word: 
the intermediate code word. 
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The digital «Ute* is a logic circuit «»ich transfer»» 
the digitlfveilion J ^^.f J^c^n^fUer^SSd1" 
termediate cede) rn the same way as • «^"SSJ (represented by transform ^e analog vers.onofthe same srgnal^^P ftequency 

on analog voltage).  It " a iow P"° t    hl.h frequency corn- 
around 3.5kHz) whose P^P?"." !?,„   SK! outpit of the filter penents of ^e delta quanting norse-The^^^^^ ^ trans. 

Ü^diignlfs^thed Ä low-pass characteristic. 

ri ? ^.?.  I INE/iR Prf1 TT nF'Tt rnnvirRSlON 
The general model of a linear PCM to delta converter is 

shown in Figure 2.4. 

LINEAR 

PCM 
AT   Ä  RATE 

FIGURE  2.4.- HUKU *odU d a tU^ PCM to A conue^e^. 

The compa^ato/i and the gain control ^J^^S?^^ 
4,,^ ^4^. realize f • o^f^n    -.nte^d.ate^ 

delta codes. AVfC ^! J^narv wo£d qeneiated by the feedback word is compared to ^e binary word ge5«^e
bit

y
one or zero is 

ioop  (gain control ^integrators  J f ^ ^   (pogitfve 

produced depending °J.^h® ™uiit is available for transmission 
negative result).    *his delta bit is a^^^is information,  the 
and is also fed in the ^^^diaital' integrator determine the 
fai^of Se f/oÄ^^ipÄ fntrol and the in- 
tegrltor have been described in Section G.2.3.1. 

Figure 2.5 illustrates the rate converter. 
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FIGURE 2.5.- Ra-te convtite.*.. 
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The linear PCM signal at delta rate F, Is first held and 
sampled at 64kHz. This signal at 64kHz is then filtered by a low- 
pass digital filter (cut-off frequency 5kHz). This information 
passes through a second holder prior to being sampled at delta 
rate F, and low-pass filtered digitally. The output of this last 
digital filter is a linear PCM signal at delta rate F2. 

i 
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jl COMPUTER SIMULATION 

Studie.' were performed on an IBM 370/145 computer. 
A 750Hz test tone with a 40db dynamic range was used as input 
signal to the computer model.S/N ratios are obtained from the 
fast Fourier transform (F.F.T). 

(??■!■ MODELS 
Figure 3.1 shows the block diagram of the overall system 

simulated on the computer. It represents the delta coder at F1 
rate, the DDFC unit and the delta decoder at F2 rate. 

In Figure 3.2 and in the following the DDFC is represen- 
ted by digital filters which are defined by their Z-transfer 
functions. Each filter is represented by a box which contains the 
function with the proper coefficient values. 
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CVSO coder r 

Integrator 
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—i Logic -. Syllabic 
filter 
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filter 

&- 

I—«|  Digital 
integrator 

Output 
digital 
filter 

Low-pass 
digital 
filter 

Low-pass 
digital 
filter 

H 

^> J 
r j 

Digital 
Integrator 

iMl-_   Digital 
LogicM   filter 

<*>- <i>—DC 

& 

Logic Syllabic 
filter 

-©—DC 

DDFC 
t   Analogous 

Integrator 

Output 
* low-pass 
filter 

Voice 
output 
signal 

L CVSO decoder 

FIGURE 3.1.- Vilta-dtlta 4>y&tem block diagJiam. 
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G^.7. SIMlflATinN RESULTS 

Two cases were considered in the simulation: 

-the first delta (transmitting) sampling rate ?i i* 
lower than the receiving delta sampling rate F2 IF^F^ 

-the receiving delta sampling rate F, is smaller than 
the transmitting delta sampling ratS (F1>F2). 

G 3.2.1. Fi DELTA RATE SMALLER THAN F9 DELTA RATE 

Let F, equal 16kHz and F, be 32 or 38.4kHz. Table 3.1 
shows the S/N 1ratios obtained with and without the 64kHz rate 
converter digital filter. 

| —        S/K (dB) 

Amplitude 
(Volt) 

A B C D E 

0.03 4.78 7.28 6.59 8.99 7.99 

0.10 9.27 11.29 11.33 14.22 12.82 

0.30 9.07 12.66 13. 13.44 13.77 

0.60 11.14 16.32 17.01 18.43 18.25 

1.00 12.89 15.86 16.20 16.46 15.85 

2.00 13.97 15.01 15.16 15.00 15.13 

3.00 14.08 14.11 14.41 15.71 14.75 

6.00 13.77 15.37 15.26 14.55 14.36 

A. reference: CVSD codec at 16kHz 

B. Fl = 16K, F2 = 32K, with 64kHz low-pass filter 

C. Fl = 16KfF2 = 32K, without 64kHz low-pass filter 

D. Fl = 16K,F2 = 38.4K with 64kHz low-pass filter 

E. PI = 16K,F2 = 38.4K without 64 kHz low-pass filter 

TABLE 3.J.- S/N latloA  iofi  F,<Fr 
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H/N   (<10) 

20 

15 

10 

_, CVSO codao rafannc* 

_o ODFC without (4KHi lew p«9« filtar 

-x ODFC with (4KHl low pas« fllti.r 

^■s^r 

-40 -30 •20 -10 «mpll  (dB) 

Q 

rigaKe.  3.8.- S/N vi CVSV  H-CVSV 32 Syitzm. 
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25 

20 

IS 

10 

CVSD codac rafaranc« 

o DDFC without «4KHi low pa«« filtar 

-x DDFC with 64KH« low pa«« «lltar 

-40 -30 -20 -10 +10 
J»pli(dB) 

Uguu  3.9.- S/N o< Cl/SP U~CVSV U.4 *y&Um. 

Figures 3.8 and 3.9 resume Table 3.1. 

QT^. Fl nFITA RATF TH^" THAN F? nFITA RATE 

Table 3.2 shows the S/N ratios obtained £or1*V
F2- 

The reference being the 32KHz delta coder-decoder back lo  back. 

I a 
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1                                                                             S/N                                                    | 

Amp 11 

0.03 

A 

4.78 

B 

4.78 

C 

3.54 

D 

4.60 

E 

4.64 

0.10 9.27 7.96 8.12 8.10 9.00 

0.30 9.07 10.28 8.53 8.83 8.93 

0.60 11.14 11.92 12.19 12.25 12.07 

1.00 12.89 13.28 12.55 13.16 13.24 

2.00 13.97 13.94 12.93 13.52 13.43 

3.00 14.08 15.25 15.00 14.43 14.09 

6.00 13.77 14.15 14.17 13.54 13.88 

A. reference CVSD 16kHz 

B. Fl = 32kHz, F2 = 16kHz with 64kHz low-pass filter 

C. Fl = 32kHz, F2 « 16kHz without 64kHz low-pass filter 

D. fl ■ 38.4kHz, F2 = 16kHz with 64kHz low-pass filter 

E. Fl = 38.4kHz, F2 = 16kHz without 64kHz low-pass filter, 

TABLE 3.2.- S/N Xdtloh   ioi  Fj^* 

Figures 3.10 and 3.11 resume Table 3.2. 

G5.3. CONCLUSION 

It has been shown that the conversion from low rate 
delta (16kHz) to higher rate delta (32 or 38.4kHz) gives a better 
S/N ratio at the output, thus improving the 16kHz delta quality. 

In the reverse direction from 32 (or 38.4kHz) to 16kHz 
the quality at the output is no longer that of the 32kHz (or 38.4 
kHz) delta but more or less that of the 16kHz delta. 
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S a. rnNausiQN 

The objective aimed at in this appendix on a dlKzct digi- 
tal  iKzquzncy convtitt*  from delta to delta was to estaolxsh the 
feasibility of such an unit. 

Computer simulation proved that the conversion is possi- 
ble, with a quality equal to or better than the worse quality 
delta involved in the conversion process. 

In this study we have reported results on a conversion 
svstem for two CVSD delta codecs at sampling rates of 16, 32 and 
38:4kHz but the conception of the DDFC could be generalized for 
different kinds of delta modulators and for any sampling rate. 

This DDFC could be incorporated in the DDMC, most of the 
digital functions involved in the DDFC being present m the DDMC. 
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APPENDIX H 

f^TfiNAI  RFPRESENTATIQN WITHIN DDMC 

HI. GFNFRA1  MODELS 
General models  for a  A  to PCM and PCM to  ä DDMC are 

shown in Figure 1.    They are valid for all types of AM, where com- 
panding is made inside the loop. 

A , gain 
control 

PCM 
PCM 

expander 

digital 
integrato;' 

digital 
filter 

sampler 
at 

/PCM rate 

PCM 
compres- 

sor 

PCM 

sampler 
at 

A rate 
comparator 

*  

digital 
integra- 

tor 

gain 
control 

F-cgtue I. Convcxte.*.*,  Ge.nzn.al ModtlA. 

The A to PCM and PCM to A DDMC's are completely digital. 
They are working with sampled signals expressed in binary form. 
Therefore, once per sampling periodreach block in the diagram 
receives a binary number representing the input value and uses 
it to compute the output value which is a binary number too. 

H?. AM TO PCM 
The incoming A sequence is fed into the gain control 

circuit to determine the step size values.  Steps are added in 
the digital integrator. The output of the integrator is thus a 
binary word representing the amplitude of the voice signal.  The 
integrator could be an up-down counter or a digital filter equi- 
valent to a leaky integrator.  The latter has been chosen as 
it cancels the DC drift. 
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The voice signal, reconstructed in the integrator is 
then digitally filtered to remove AM quantizing noise.  At this 
point, binary samples of the signal are available at A sampling 
rate. 

This information must be sampled again at PCM Rate 
(8KHz) to be transmitted on the PCM line.  When the A sampling 
frequency is 19.2KHz or 38.4KHZ, intermediate values between the 
samples are needed and they are estimated by a curve fitting 
method. 

A binary, linear representation of the voice signal is 
now available at every PCM sampling time.  This linear PCM is 
then compressed into a non-linear 7 or 8 bit PCM according to 
the remote PCM channel bank characteristics. 

To illustrate the principle of the A to PCM DDMC, va- 
lues of samples found in several points of the circuit are shown 
in Figure 2, in the case of instantaneous A modulation at 19.2 
KHz.  It is to be understood that when the system will be built, 
it will be impossible to visualize the waveforms of Figure 1 
with a scope because there is no analog voltage to represent the 
samples. All the conversion is made by means of digital opera- 
tions on binary numbers.  Table 1 shows these numbers and their 
decimal values.  The sign, in the binary representation's given 
by the first bit (1=+ ; 0= -).  The table 1 must be read in the 
following manner: 

- time is increasing from top to bottom, 
*• J- ^-S-^ä    v-kAw    a anrnl inn    +■ ITTIA _ 

- time is increasing from top to oottu 
-there is one line per sampling time. 

For instance, in the first line (first period considered) the 
gain control circuit receives a A bit equal to 1 and generates 
the number 10100 (+4) which is sent to the digital integrator to 
give 10001.00 (+1.00) and so on. 

1 

il ß 
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■ If 

•f ■ 

a Periodt 

o « 
nj M +J 
*J C 3 
•H   QJ a 

•H C 3 
C H o 

4J (y 3 
•H *J  0, 

^M 

X0100 

11000 

00100 

10010 

10001 

10010 

10100 

00010 

00001 

00010 

00100 

01000 

10100 

+ 4 

♦ 8 

- 4 

+ 2 

+ 1 

♦ 2 

+ 4 

- 2 

- 1 

- 2 

- 4 

- 8 

+ 4 

10001.00 

11001.00 

10101.00 

10111.00 

11000.00 

11010,00 

11110.00 

11100.00 

11011.00 

11001.00 

10101.00 

00011.00 

10001.00 

+ 1.00 

+ 9.00 

+ 5.00 

+ 7.00 

♦ B.00 

+10.00 

+14.00 

+12.00 

+11.00 

+ 9.00 

+ 5.00 

- 3.00 

+ 1.00 

10000.01 

100L1.00 

10101.11 

10111.01 

11000.10 

11001.11 

11011.10 

11100.01 

110L1.00 

11001.00 

101L0.01 

10011.01 

00030.10 

+ 0.25 

+ 3.00 

+ 5.75 

+ 7.25 

+ 8.50 

+ 9.75 

+11.50 

+12.25 

+11.00 

+ 9.00 

+ 6.25 

+ 3.25 

- 0.50 

1000000. 

1001001. 

1010001. 

1010101. 

1011001. 

1011101. 

1100010. 

1100100. 

1100001, 

1011011, 

1010010, 

1001001 

0000001 

11 

00 

01 

.11 

.10 

.01 

.10 

.11 

.00 

.00 

.11 

.11 

.10 

+ 0. 

+ 9. 

+17. 

+21. 

+25. 

+29. 

+34. 

+36. 

+ 33 

+27 

+18 

+ 9 

- 1 

75 

00 

25 

75 

.50 

.25 

.50 

.75 

.00 

.00 

.75 

.75 

.5 

v 
a 

v 
u v 
Ci nJ *J 
.-< « 3 
a a 
H o 3 
ut a. o 

g 
10 
u 
U  3 
c a 
E *J 
C 3 
O O 

1000000.11 

1010001.01 

PCM period 
_ 1  - 

S^oo 

1011001.10 

1100100.11 

»1011011.00 

-1001001.11 

+ 0.75 

+17.25 

+25.50 

+3G.75 

+27.00 

+ 9.75 

1000011 

1101000 

1101100 

1110001 

1101101 

1011001 

+ 3 

+40 

+42 

+49 

+45 

+25 

Table.   I.   Example. oiJ  A to  PCM Conve.M'ion. 

i.. 

H3. PCM TO AM 

The incoming compressed PCM word is expanded, according to 
the PCM system characteristics, into a binary linear representa- 
tion of the signal amplitude.  Linear PCM samples, expressed in 
binary form, are therefore available at PCM sampling rate. 

The sampling circuit provides estimates of the signal am- 
plitude at A rate.  Intermediate (between two PCM samples) samples 
are estimated by a curve fitting method. 

Comparisons between these samples and the output of the 
digital feedback loop determine the A sequence. 

The feedback loop is made of a gain control circuit and a 
digital integrator similar to those of the A to PCM DDMC. 

Figure 3 shows sample values in the PCM to A DDMC.  It 
illustrates the case of a converter for 19.2KHz instantaneous A 
modulation. All the comments given above for the A to PCM DDMC 
are still valid. 
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